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SECTION 21 - INTRODUCTION

The purpose of this document is to describe specific AUTODIN II

data formats and protocols supported by the Packet Switching Node
(PSN). The data presented has been extracted from various sources
(see Section 22) and reflects PSN data support requirements. l

21.1 PURPOSE. This document details the protocols and data formats
being supported by the PSN software. The document is intended to
provide specific information describing external data protocols,
header formats, and user interface requirements. l
21.2 SCOPE. This document identifies header formats, frame

formats, and protocol requirements for external PSN data sources.

The document does not describe intra~-PSN data requirements nor does

it detail error cases in or out of the PSN,

21.3 CONTENT. The document is organized in six primary sections:

a. Section 22 identifies documents which provide the basis for
this document .

b. Section 23 describes Mode VI data requirements
c. Section 24 describes Mode I data requirements

d. Section 25 describes Mode IB data requirements
e. Section 26 describes Mode IIA data requirements

f. Section 27 describes THP command procedures to be used
with terminal heading data.

e
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SECTION 22 - APPLICABLE DOCUMENTS

The following documents were used to generate the various data

formats:

a.

b.

DCAC 370-D175-1
02 October 1370

IBM Order No.
GA27-3004-2
October 1970

ANSI X3.28-1971
(American National
Standards Institute)
10 March 1971

FIPS PUB 1
0l November 1968

ANSTI X3S34/589
(American National
Standards Institute)
Revision 2

11 August 1977

DCS AUTODIN Interface and Control
Criteria, Chapters 1, 3, 4 and 5.

Binary Synchronous Communications,
3rd Edition

Procedures for the Use of Com-
munication Control Characters

of American National Standard
Code for Information Interchange
in Data Communications Links

Federal Information Processing
Standards Publication 1 - Standard
Code for Information Interchange

Sixth Draft: American National
Standard for Advanced Data Com-
munications Control Procedures
(ADCCP), Independent Numbering

AUTODIN II Mode VI (ADCCP) Line Control Procedures
Functional Specification dated 02 May 1978

AUTODIN II Segment Interface Protocol (SIP), Specifica-
tion, WU System Engineering Technical Note 78-07.2,

dated 03 October 1978.

System Performance Specification for AUTODIN II Phase I,
November 1975, as amended through Amendment 0006, dated 13

October 1976.

Final Computer Program Development Specification, ™MCCU
THP, CDRL Item Number BQO06, 29 September 1978.

.
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SECTION 23 - MODE VI - LINK PROTOCOL

23.1 INTRODUCTION. The AUTODIN II system will use the American
National Standards Institute (ANSI), document X3534/589-Advanced
Data Communication Control Procedures (ADCCP) Independent Nuin-
bering, Draft 6, Revision 2, for line control on backbone (packet
switch-to-packet switch) and Mode VI access (subscriber-to-packet
switcn) circuits. AUTODIN II ADCCP will use the Balanced Asynch-
ronous (BA) class of procedures. The basic mode of operation

is Asynchronous Balanced Mode (ABM) with all stations supporting
two-way simultaneous (TWS) operation.

23.2 APPLICABLE DOCUMENTS

a. ANSI Document X3534/589, Draft 6, Rev. 2, Advanced
Data Communication Control Procedures (ADCCP)

b. AUTODIN II Mode VI (ADCCP) Line Control Procedures
Functional Specification dated 2 May 1978

23.3- FRAME FORMAT. ADCCP transmissions are packaged into distinct
sets of binary data called frames. The ADCCP data frames are g3given
in Figure B3-1l. The frames contain the following:

a. Flag Sequence (beginning) (8 bits)

b. Address Field (8 bits)

c. Control Field (8 bits)

d. Information Field (0 to a maximum of 5072 bits)
e. Frame Check Sequence (32 bits)

f. Flag Sequence (Ending) (8 bits)

The Information (I) frame is used to perform an information trans-
fer. The Supervisory (S) frame is used to perform link supervisory
control functions such as acknowledgment of I frames, and informing
subscribers tnat a temporarvy interruption has occurred at the
receive terminal. The Unnumbered (U) frame is used to provide
additional link control functions. This format contains no
sequence numbers. Refer to paragraph 23.13 for the Mode VI

Data Formats.

23.3.1 Flag Sequence. The flag sequence (F) is a unijue series of
eight bits called an octet. This is a single octet field which
always contains the binary value 01111110. All frames start and
end with the flag sequence. Receive Line Termination Units (LTU's)
search for the flag seguence on a bit-by-bit basis. When found,
frame synchronization is established. The ending flag sequence of
a frame may not serve as the beginning flag sequence of the
succeeding frame. Transmitting LTU's generate the flag seguence at
the beginning and end of each frame.

IRV Ry SN A
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ORI RN T MY RN A SRR

FLAG ADDRESS CONTROL FIELD INFORMATION FIELD FRAME CHECK | FLAG
(F) (A} SEQUENCE (F)
: (ARRRRRIY O | n/s | PIF | N(R)|  (MAXIMUM 5072 BITS) (FCS) 01111110
]
3
1 COMMAND RESPONSE
i | | COMMAND FRAME, RR, RNR, FRMR
2. SUPERVISORY (S} FRAME FORMAT f
i FLAG ADDRESS CONTROLFIELD | rrame cHeck | FraG ij
{F) (A) SEQUENCE (F) i
. 01111110 10 ss | pir | nmy| (FCS) 01111110 -
§ |
g COMMAND RESPONSE I
i RR(00! RA(00), RNR(10), FRMR(U:10001! F;
] RANR(10) RRI(00), RNR(10), FRMR(U:10001) ]
3
; 3. UNNUMBERED (U) FRAME FORMAT S
P £
H FLAG ADDRESS CONTROL FIEL INFORMATION FIELD FRAME CiHECK FLAG P
. (F) (A} SEQUENCE (F} .
LIRRAREIN 11 IMy M| PIF | MgM Mg [ (MAXIMUM 5072 BITS) (FCS) 01111110 [
‘ COMMAND RESPONSE ]

|
?

INO INFQ FIELD) SABMI(11100)
(INFO FIELD) UI{00000)
(NO INFQ FIELD) RSET{11001)

NOTE:

UA(00110), FRMR(10001)
UA(00110), FRMR({10001), UI{00000), RNR(S:01)
UA(00110), FRMR(10001}

THE BINARY VALUES IN PARENTHESIS INDICATE:
1. FOR AR, RNR: VALUE OF §5
2. FOR SABM, Ul, UA, FRMR, RSET: VALUES OF

M1, M2, M3, M4, AND M5 IN ORDER

Figure 3-1.

Moce VI

Trame Formats
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There is a possibility that a frame may contain a bit pattern in

: the Address, Control, Information and Frame Check Sequence (FCS)
fields which duplicates the flag sequence. If this condition
occurs, the LTU logic performs 0 bit insertion following five

. contiguous one bits (on transmit) and deletion (on receive) to
ensure the unigueness of the flag sequence. The receiver
continuously monitors the received bit stream. Upon receiving a
zero (0) bit followed by five (5) contiquous one bits, the receiver
inspects the following bit:

a. If a zero (0), the five (5) one bits are passed as data
and the zero bit is deleted.

b. If the 6th bit is a one (l), the receiver inspects the 7th
bit as follows:

l. If it is a zero (0), a flag seguence has been received

2. 1If it is a one (l), an abort has been received. See
paragraph 23.10.6.

23.3.2 Address Field. The address field consists of one octet, 8
bits. This allows for a maximum of 0-255 unigue address per
station. This field contains the address of either the local or
remote station, and is used by the receiving station to identify
incoming frames, either command or response frames. The address
field in a command frame contains the address of the remote (re-
ceiving) station; the address field in a response frame contains
the address of the local (transmitting) station.

23.3.3 Control Field. The control field consists of one octet, 8
bits. This field contains link control information such as
commands, responses, and send/receive sequence number information.
The bit seguence for each of the frames is as follows:

0 = Information Frame
1o = Supervisory Frame
11 = Unnumbered Frame
. a. N(S) - Send Sequence Number. The send sequence number is

three bits, 0 through 7 (Modulo 8). The N(S) is the seguence

number of the transmitted information frame. The send

. sequence number is incremented by one with each completed
I frame transmission., N(S) will not be incremented when
an I frame transmission is aborted.

b. N(R) - Receive Sequence Number. The receive seguence nun-

ber Is three bits, 0 through 7 (Modulo 8). The N(R) is
the expected sequence number of the next received I frame
and appears only in information (I) and supervisory (3)
frames., The N(R) value informs the transmitting station

that the receiving station has correctly received all I
frames numbered up to and including N(R)-1.

1
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c. P - Poll Bit. The poll bit set to a 1 is used to solicit
a response from a receiving station. 1In AJTODIN 1I,
all commands request a response regardless of Poll
Bit setting.

¢. F - Final 8it. The finel bit is set to respond in
reply to the receipt of & set poll bit in a received
frame. In AUTODIN II, the F bit in 211 resporse frames
assumes the state of the P bit in the command frame
which provoked the respcnse.

e. S8 - Supervisory Commancés for S Frames. The two bit
supervisory commands and responses dre used to perform
basic supervisory link control functions such as I
frame acknowledgment and indicate & temporary interruption
to receive I frames. The supervisory commands/responses
used in AUTODIN II are described in paragrephs 23.4.2
and 23.5.1. The values for the bit positions are defined
in Figure B-1l. -~

f. M1l through M5 - Modification Bits for U Frames. These
five bits in U frames allow definition of up to 32 addi-
tione. ccmmané/resgonse functions. The commands/resporses
used in U frames are described in paragraphs 23.4.3 and
23.5.2. The values for the bit positions are defined
in Figure B-1l.

23.3.4 1Information Field. This field contains the actual infor-
mation being transmitted over a link. The field size is variable
ancd ranges from 0 to a maximum of 5072 bits on access lines and
5158 bits on backbone links. The information field may contain a
packet header, binary segment leaders (BSL) and other levels of
higher protocols. The contents of the information field is
transparent to the AUTODIN Il system. '

23.3.5 Frame Check Sequence (FCS). The Frame Check Sequence is 32
sits (four octets). 7Tnis fieid uses & 32nd degree polynomizl for
error detection purposes. The contents of the Address, Controcl and
Information Fields, excluding the zeros inserted, are included in
the calculation of the Frame Check Sequence.

23.4 COMMANDS

23.4.1 Information (I) Commands. I frames are considered commands
when they contain the address of the remote station. In AJTGCDIN
11, all I franmes are sent as commands. All I frames must be
acknowledged.

-

23.4.2 Supervisory (S) Commands. AUTODIN II implements two S
commands to perform supervisory link control:

Receiver Readv (RR) Conmand. The R connand is usecd to

Solicit a résponse from the remote station while indi-
cating that the receiver is ready at the local station.
In the AJTODIN II system, all RR commands nust be énswered
with either an RR or Receiver Not Ready (R’RNR) response.
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During periods of link inactivity, RR or RNR commands will
be interjected at periodic intervals to ensure that the
link is operating properly.

b. Receiver Not Ready (RNR) Command. The RNR command is used
to sollicit a response from the remote station while
indicating the local station receiver is busy. In the
AUTODIN II system, all RNR commands must be answered with
an RR or RNR response. Durint periods of link inactivity,
RR or RNR commands will be interjected at periodic
intervals to ensure that the link is operating properly.

23.4.3 Unnumbered (U) Commands

23.4.3.1 Mode-Setting Command

Set Asynchronous Balance Mode (SABM) Command. the SABM command
instructs the receiving station to reset all receive and %ransmit
parameters and prepare to respond in the aynchronous balanced mode.
Since AUTODIN II links always operate in the asynchronous balanced
node, the SABM serves only as a reset. Upon receipt of a SA3M
command, the send and receive sequence number variables are set to
zero, existing error conditions are cleared, and the segquence
number of the next expected frame (N(R)) is set to zero. The SA3M
command frame has no information field. SABM commands. are
acknowledged via the unnumbered acknowledgment (UA) response.

23.4.3.2 Information Transfer Command

Unnumbered Information (UI) Command. The Ul command permits the
exchange of information fields without sequence number accounta-
bility. The UI command is acknowledged by either UA, UI, or RNR
responses.

23.4.3.3 Recovery Commands

Reset (RSET) Command. The RSET command causes the receiving
station to reset all receive related parameters. Upon receipt of
this command, the receive sequence number variable is set to zero,
all existing receive error conditions are cleared, and the seguence
number of the next expected frame (N(R)) is set to zero. RSET
commands are acknowledged with a UA response. The primary use of
the RSET command within the AUTODIN II system is during frame
sequence number error recovery, The RSET command frame has no
information field.

23.5 RESPONSES

23.5.1 Supervisory (S) Responses. AUTODIN II implements two S
responses. They are used to acknowledge I command frames in
certain instances, acknowledge receipt of S commands, and report
certain error conditions.

'| 4 _ \
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a. Receiver Ready (RR) Response. RR responses are used to
report the nonbusy status of a receiving station. They
also acknowledge receipt of all I command frames having
sequence numbers less than that reported as the next
receive sequence number in the RR response frame control )
field. If a receiving station is not transmitting I
command frames, the RR response is used to acknowledge
receipt of I frames, provided the receiving station is
nonbusy. RR responses are also required as acknowledg-
ments for RR or RNR commands, provided the receiving
station is nonbusy.

b. Receiver Not Ready (RNR) Response. RNR responses are used
to report the busy status of a receiving station. They also
acknowledge receipt of all I command frames having sequence
numbers less than that reported as the next receive sequence |
number in the RNR response frame control field. If a
receiving station is not transmitting I command frames,
the RNR response is used to acknowledge receipt of I
frames, provided the receiving station is busy. RNR
responses are alsc required as acknowledgments for RR or
RNR commands, provided the receiving station is busy.

23.5.2 Unnumbered Responses

a. Unnumbered Information (UI) Response. The Ul response
permits the exchange of information fields without se-
quence number accountability and is used in conjunction
with the UI command (see paragraph 23.4.3.2).

b. Unnumbered Acknowledgment (UA) Response. UA responses

are used to acknowledge receipt of SABM, UI, and RSET
commands. The UA response has no information field.

23.5.3 Error Recovery Response

23.5.3.,1 Frame Reject (FRMR) Response. The FRMR response is used
to report error conditions which are not recoverable by retrans-

mission of the errored frame. FRMR is generated by the following
conditions:

a. Receipt of an invalid command or response.

b. Receipt of an I or Ul frame which contains an information
field which exceeds the maximum length.

c¢. An invalid frame format, eg, a frame which does not
conform to the structure implied by the Command/Response
contained in its control field in accordance with the
"AUTODIN II, Mode VI (ADCCP) Line Control Procedures
Functional Specification," dated 02 May 1978.

In the FRMR response, the status field provides the reason for
the Frame Reject Response. The format and contents of this status
field are shown below as the FRMR Basic Information Field.
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A basic information field, which immediately follows the basic control
field, is returned with this response to provide the reason for the
Frame Reject response. The format for the basic information field is:

« Basic Information Field

First Bit
| Transmitted
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 .20

| | |
N(S) Ic/R ] N(R) ] w X Yy 2z

L.
L4

{
¥
[
¢
¢
5
¢

Rejected
Basic Control Field

0

Where:

Rejected Control Field is the control field of the received frame which
caused the frame reject exception condition.

N(S) is the current Send Variable (S) at the station transmitting the
FRMR response.

C/R is set to "1" if the frame which caused the FRMR was a response
frame, or is set to ""0" if the frame that caused the FRMR was a command
frame.

N(R) is the current Receive Variable (R) at the station transmitting
the FRMR response.

W set to "1" indicates the control field recevied and returned in bits
1 through 8 was invalid or not implemented.

X set to "1" indicates the control field received and returned in bits
1 through 8 was considered invalid because the frame contained an in-
formation field which is not permitted with this frame. Bit W must be
set to "1" in conjunction with this bit.

Y set to "1" indicates the information field received exceeded the
maximum established capacity of the Secondary/Combined station.

Z if set to "l1" indicates the control field received and returned in
bits 1 through 8 contained an invalid N(R) number.

If required, the information field associated with the FRMR mav be padded
with zero bits so as to end on any convenient, mutuallv agreed upon
character, byte, word or machine-dependent boundary.

FRMR may have bits W, X, Y, and Z all set to zero; however the cause for
frame reject shall be as defined in a, b and ¢ above.
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23.6 COMMAND/RESPONSE SUMMARY. AUTODIN II Mode VI links will
use the following command/response repertoire:

Command Valid Responses
I I Command Frame
RR, RNR, FRMR
RR RR, RNR, FRMR
RNR RR, RNR, FRMR
SABM UA, FRMR
ul UA, UI, RNR, FRMR
RSET UA, FRMR

23.7 INITIALIZATION REQUIREMENTS. AUTODIN II ADCCP links are
initialized when the local station transmits a U frame containing
the SABM (Set Asynchronous Balanced Mode) command. All service
requests will be denied until the local ADCCP station receives a UA
response to the SABM command. Upon receipt of the UA response, the
local ADCCP station will initialize its variables and data
structures; the local send and receive sequence number variables
will be set to zero, and normal operation may commence.

23.8 ACKNOWLEDGMENT REQUIREMENTS. AUTODIN II ADCCP stations
acknowledge receipt of error-free command frames without waiting
for a stimulus from the transmitting station. At the ADCCP level,
the state of the P bit does not have any significance.. The F bit
in all response frames assumes the state of the P bit in the
command frame which provoked the response.

23.8.1 Information (I) Frame Acknowledgment. Acknowledgment of I
frames i3 accomplished by one of the following methods.

1o e ——

i ld

a. Updating the N(R) count in an outgoing I frame. If the
station is currently transmitting I frames, the updated
N(R) count is inserted in the next outgoing I frame.

b. Generating an S frame which has a supervisory RR or RNR
response containing the updated N(R) count in the casc
where the station has no I frames to transmit,.

In either case, the N(R) count acknowledges all I frames having
sequence numbers up to and including N(R) - 1.

AUTODIN II ADCCP stations can send a maximum of seven I frames
prior to acknowledgment.

23.8.2 Supervisory (S) Frame Acknowledgment. AUTODIN II ADCCP
requires that all S command frames be acknowledged by an S response
frame. Only one S command may be outstanding at any one time.

TR X L kil
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23.8.3 Unnumbered (U) Frame Acknowledgment. All U command framas
are acknowledged by generating a UA response at the earliest

opportunity. Only one U command may be outstanding at any one
time.

23.9 TIMEOUT RECOVERY. AUTODIN II ADCCP requires that various

response timers be maintained at each transmitting station in order
to implement the Timeout Recovery.

;
%
¢
4
;
¥
¢

23.9.1 Unnumbered Command Timer. This timer is started when a U
command is sent. If a valid response is not received prior to
expiration of the timer, the command is retransmitted. If the
command is sent three times without a response, the next higher
level of protocol is notified. The ADCCP level will, however,
continue to retransmit the command until told otherwise by the next
higher level of protocol.

23.9.2 Supervisory Command Timer. This timer is started when an S
command is sent. If a valid response is not received prior to
timer expiration, the command is retransmitted If the command is
sent three times without a response, the next higher level of
protocol is notified. The ADCCP level will, however, continue to

retransmit the command until told otherwise by the next higher
level of protocol.

23.9.3 Information Frame Timer. This timer is started on the
occurrence of one of the following conditions:

a. There are no more I frames to send

b. The maximum number of unacknowledged I frames have been
sent

If the timer expires and the I frames are still outstanding
{unacknowledged), the appropriate S command frame is sent to
solicit an acknowledgement and the S timer is started. 1If the RR
or RNR command is transmitted three times without a response, the v
next higher level of protocol is notified of this condition. The i
ADCCP level then continues to send the RR or RNR command until
instructed otherwise by the higher level of protocol.

If a response to the S command frame is received prior to S timer
expiration, its N(R) will satisfy one of three cases:

a. N(R) acknowledges all outstanding I frames
b. N(R) acknowledges a subset of the outstanding I frames
c. N(R) is unbelievable, ie, out of range

e el . e bk, ¥

&=

In the first case, the error recovery is successful and complete.
The outstanding I frames are no longer candidates for retrans-
mission and are purged. Any pending I frames are assigned seguence ,
numbers starting with the value of N(R) and scheduled for trans- ;
mission.

e
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In the second case, the error recovery is partial. The acknowl-
edged I frames are purged and the remaining outstanding I frames
are scheduled for retransmission. In addition, pending I frames

may also be scheduled for transmission at this time, provided that -

the maximum outstanding frame count is not exceeded. i
In the third case, it is assumed that the remote station has lost
synchronization. A RSET command is sent and the U timer is
started. If a UA response is received prior to U timer expiration,
thie outstanding I frames are assigned new sequence numbers starting
with zero and normal I frame transmission resumes. If the RSET
comnand is sent three times without receiving a response, the next
higher level of protocel is notified that the RSET has failed. The
ADCCP level then sends an SABM command and starts the U timer., If
the SABM is sent three times without receiving a response, the next
higher level of protocol is notified that the SABM has failed. The
ADCCP level continues sending SABM commands until instructed other-
wise by the next higher level .I protocol. If a response is
received prior to the third U timer expiration, the higher level of
protocol is notified, the outstanding I frames are assigned new
sequence numbers starting with zero, and normal I frame transmis-
sion resumes.

23.10 EXCEPTION CONDITION AND ERROR RECOVERY

23.10.1 Busy Condition. A busy condition occurs when a station
tenporarily cannot receive or continue to receive I frames due to
internal constraints, eg, receive buffer limitations. The busy
condition is reported by transmission of an S frame containing an
RNR response with the N(R) of the next I frame that is expected.

Upon receipt of an RNR response, the transmitting station will
generate either an RR or RNR command. The transmitting station
will continue sending the RR or RNR command until the busy con-
dition clears (an RR response is received).

23.10.2 Frame Check Sequence (FCS) Error. All frames which contain

FCS errors are discarded by the receiving station and no further
processing occurs.

23.10.3 Frame Sequence Number Errors. I frames having seguence
number errors, ie, N{(S) is not egual to the R variable of the
teceiving station, will be discarded after the N(R) value is
extracted from the frame. Since the I frame does not have an FCS
error, the N(R) information is assumed to be valid.

23.10.4 Invalid N(R) Error. An invalid N(R) is defined as a number

which points to an I frame which has previously been transmitted
and acknowledged, or to an I frame which has not been transmitted
and is not the next sequential I frame pending transmission.
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Receipt of a frame containing an invalid N(R) implies that syn-
chronization has been lost, ie, the send seguence number variable
N(S) at the local station does not match the receive sequence
number variable N(R) at the remote station. When an AUTODIN II
ADCCP station receives a frame containing an invalid N(R) value, it
will send a RSET command to the remote station and start the U
timer. If the RSET command is acknowledged prior to U timer
expiration, any outstanding I frames are assigned new sequence
numbers starting with zero and normal I frame transmission resumes.
If the RSET is sent three times without receiving a response, the
next higher level of protocol is notified and the ADCCP level sends
an 3ABM command. If the SABM command is sent three times and no
acknowledgment is received, the next higher-level of protocol is
notified. The ADCCP level continues sending the SABM until told
otherwise. If a response to the SABM is received prior to the
third timeout, the higher level of protocol is notified, any
outstanding 1 frames are assigned new seguence numbers starting
with zero, and normal I frame transmission resumes.

23.10.5 Mode-Setting Contention. A mode-setting contention
situation exists when a station issues & mode-setting comnand,
SABM, and receives a mode-setting command from the remote station
prior to receiving the proper response to the issued command. In
the AUTODIN Il system, this contention is resolved when each
station sends a UA response and enters the indicated mode.

23.10.6 Abort. Abort is the procedure by which a station in the
process of sending a frame, ends the frame in an unusual manner
such that the receiving station will ignore the frame. Aborting a
frame is performed by transmitting at least 7, but less than 15,
contiguous one bits (with no inserted zeros).

23.10.7 Invalid Frame. An invalid frame is defined as one that is
not properly bounded by two flag seguences (thus an aborted frame
is an invalid frame) or one which is too short, eg, shorter than 3C
bits between flags).

23.10.8 Frame Reject Conditions. AUTODIN II ADCCP stations

initiate a FRMR response upon receipt of an error-free frame (FCS
is valid) containing the following:

a. An invalid command or response.
b. An I field which exceeds the maximum length.

c. An invalid frame format, eg, a frame which does not
conform to the structure implied by the command/response
contained in its control field.

AJTODIN II ADCCP stations will generate a U frame containing an
FRMR response whose status field will indicate the reason why
the receiver rejected the frame.
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23.11 TIMING AND SYNCHRONIZATION

23.11.1 Idle Link Periods. AUTODIN II ADCCP stations will provide
for continuous flag sequences to be exchanged during idle link
periods to maintain synchronization on the circuit and for the
periodic interjection of supervisory commands. These supervisory
commands will consist of either Receiver Ready (RR) or Receiver Not
Ready (RNR). The frequency of these interjected RR and RNR

commands will be controlled by an inactive link timer maintained by
the transmitting station. The timer is reset when the local station
transmits any traffic.

23.11.2 Inactive Link Timer. AUTODIN II ADCCP stations maintain a
timer which monitors link activity. If the local station is
inactive, le, sending flag sequences only during the interval of
the timer, a Supervisory command will be sent upon timer expiration
and the timer will be restarted.

23.12 NETWORK CONTROL MESSAGES. The system design uses the ADCCP
unnumbered format to allow the exchange of short supervisory
frames. Unnumbered (U) format commands and responses are used to
extend the number of link supervisory functions. Frames
transmitted in the unnumbered format do not increment the send
segquence numbers.

23.13 MODE VI DATA FORMATS. Figure B-2 shows the Mode VI link
protocols that will be used in AUTODIN II. Information (I),
Supervisory (S) and Unnumbered (U) frames are illustrated in this
figure with seguence numbers, commands, and responses in the
control field. The following items are illustrated in this figure:

a. Initialization and one way operation of I Frames
b. Supervisory Commands and Responses

Cc. Unnumbered Information (UI) Commands

d. Operation of Poll/Final (P/F) Bit in Control Field
e. Abort Sequence

f. Zero Bit Insertion

g. Frame Reject

h. Frame Timer Timeouts

i. Error Recovery of Information (I) Frames

j. Mode - Setting Contention

Ke Frame Seguence Number Errors

1. Two Way Simultaneous Operation

Tl

R Vg

- B Tl 2

The input data from Mode VI terminals to the TAC operate in accord-
ance with THP command procedures described in Section 27. The Mode
VI host/channel control unit to the SCM has a binary segment leader
(BSL) in accordance with the segment interface protocol (3IP)
specification. The THP command data from terminals or the binary
segment leader from a CCU is in the information field of the Mode
VI frame format.

- -
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ABBREVIATIONS APPLICABLE TO FIGURE B-2
1 F - Flag Sequence 0Ol111110
2. A - Address File
3. Control Fleld
0 - Information Frame (I)
19 - Supervisory Frame (S)
11 - Unnumbered Frame (V)
P - Poll Bit
F - Firal Bit
MOD - Unnumbered Command or Response
N(S) - Send Sequence Number (0 through 7)
N(R) -~ Receive Sequence Number (0 through 7) which indicates the
sequence number of the next expected I Frame
S - Supervisory Command/Response
+. FCS - Frame Check Sequence
5. INFO - Information Field. This field size is variable and ranges

from O to a maximum of 5072 bits on access lines

o SABM - Set Asvnchronous Balanced Mode (Cemmand)
7 ta - Unnumbered Acknowledgment (Response)

8. RR - Receiver Readv (Command,Response)

9 RNR - Receiver Not Ready (Command/Response)

19. Ul -~ Unnumbered Information (Command/Response)

11, RSET - Reset (Command)
12, FRMR - Frame Reject Response (Response)




LOMMANL

RESPUNSE

COMMAND

RESPONSE

COMMAND

RESPONSE

COMMAND

RESPONSE

iINE WAY P HAT N

A ONE 1 HAME
CONFROL SN
R A MO TPF s ’ A P HiHY res,
" m
Y YLV HH| 0
PN THG, CONT
MOD | P v 2 . e
AR 0
A 1 HR|
8 TWOQ ILFRAMES
CONTROL CONTROL
VL F a NSt Prs NIR NFO FCS 3 A NISH PF| NR) INF G RN [
] o
) i 9 2 ! o
CONTROL
Sy ¢ A S |PF] NIRY FCS ¥
0
RR] 1 3
C THREE | FRAMES
CONTROL CONTROL CONTROL
1] F A NIS: |eiF NIR! INFO FCS [3 A NS |piF NtR! INFO FCS [3 F A NiST P F| NIRy INFO FCS F
0 0 0
3 ] [} 4 1 i) s 1 Q
S|F
O FOUR | FARAMES
CONTROL CONTROL CONTROL
the|a NS | PRl NIR: INE () FCY £ la nis [e | w~iRy INEO fou e le | a nis [P N INF O s £
0 0 8
3 1 8] ’ ) a o ) [




CG-510262
Part 1 of 2
6 April 1979
Page B1lS

'__rw44
»
2 -
5
- :
rd
x

it

— r -
LN CONTROL
- - —
a A N SN b N A S|P NIR] [ L4
' 10
u.-L anl 1 l

NiR: e .
o
TIINTROY
+ a N N(R: FOS +
" L L)

ONTROYL
NiR . ' f A VRSN NS T INFO [XEN v
0 R \Z

=
<1+ a SR MR (NS 3
inl
arl o N '
Figure B-2. Mode VI Link Protocol
(Sheet 1 of 17)
FRPERIE i el Vi e o " S L




COMMAND

ONE WAY R RATION ([COMT B

£ SIVE 1 FRAMES

CONTROL CONTADL
vl a 6D kCS WG My v ] INVG I3 “s0 scs L..., [
o
« |
1
!
|
'
+
F SIK FRAMES
CONTROL COMTROL LONTAGL LONTROL
1 ¥ a INFO L33 INFO Lis3 F - NS PIE] NIR INF ey ey nED) s 3 L NiST L4
o
R [>T
G SEVEM ! FRAMES
CONTROL COMTROL LONTRO CONTROL
» ¥ - sy [P LILT) INFO CS INFC £Cs 13 A INEC) FCS 1~ "s 1 NS L
° ¢
s + ] l 1 *

RN




e,

CG-510262
Part 1 of 2
6 April 1979
Page Bl6

[ETTITIN

shr |a srel wa 25Y

. um s . SO IS I Y s weo s
) o
D

CONTROL

« ) 0
cow Ao
bl v a re LI T res L3
0
and ]
Con RO ComTRoy LonTRoy
’ ~wy re] v e ses [ ] | st Lon] e NEO 233 TN TN wiso fos] win o s |
° 0 v
o 2 il ] » + o

ConTaoL

g ‘“I_\ n] S
[n B

Figure B-2. Mode VI Link Protocol
(Sheet 2 of 17)




CG-510262

Part 1 of 2
6 April 1979

Page Bl7

(LT 30 € 3I93Ys)

10503014 3UTT IA SPOW

*z-9 a2inblrg

, o Jum
w
Sas ET RP] I e w A
WU
0 v fun
“
S L ] I v | S L
MNHINO )
ISNOIS AN ONVINING ) (ML SOY 30 BIAIES 4 5
[ 1 June a ¢ |uu
o w
4 9 e Jae] S vijils 1 S04 tHIN s vis|s [P I
10 %00 w0HINDY
o [ o a i ey
c
1 $23 OINI i FadlisiN AN S k) S wn ed] s v]s}s NNvIRO)
OMINGD oM LMO™
CHNME AW I TON HIAIID AN TSNS 30 AMOSIA D 3d10. W 1A O IOTIIMONNIY IV st
° BT a 1 |nu
o o
b L7 [ T2 B vlsls ] s34 ("N £ K vists TSNS W
OuINDD OHINGD
° o Juw o o f ey
o o
3 €39 onn fre| s vl ] . 4 L% win | eg] s vilafe P,
10 1O 100 (80D
ISNOMS IHAONTIINCY ) EHNRG ATIY I LON HIATTIIM (INY twa) A0V IH HIATIIIN A
o 1) unw ' wor
ot m
[ L=P] ane lee] vl +]s 1 e val vow visjoe TN
LT ) (BT 5]
) o [ unn o] wave
mn “
‘. v e | 2a vl A 0 caf om vffn nvewer
S in g
FNOUAT AN TR0 MY L Ty an N R IAEA AN Y
CANAT T TN ONTER T A WO  eT




R I

CG-510262
Part 1 of 2
6 April 1979

Page 518

(LT 30 b 19234S) 10003014 HUIT 1A PPOK  +z._g 2inhr g

1 n
' ISNCASIH
3 | <24 oin |ae] aow v|]i]n Nod
1081NOD
_ t n
| v INYINGD
4 D4 04Ny 4] Now Y1310
— 0uINOD
ONVWHOD 111 v 48 03D0IIMONNDIY ONVAWOD In 8
[} iy
1
4 S5 44 aon yi410 INDGSIY
0WLINOD
1 n
n
1§ soa NNy 24| oom vlalan ONvIWN.)
I041NOD

¥ A8 Q39CGIMONNDY ONYINNOD I ¥
ANYAINOD (1N NOILYINEO SN G 18 IBWINNG ©




(L1 30 S 231923YyS) [0DCI0Ig Ul IA BpPOW °Z-f1 ainbry

NN O
\o ~ QIYINO Iu S1 ISNOLSIN IN ¥ Lyl ¢ n
N W om B3IAI1IDIW IHL O SALVIANL 1) QIAIIIIY S "
O 0~ 135S 118 d IHL HLIMONYWNOD IN Y 31 JLON E] Su3 LELT ird| aOw via|n ISNEOIES I
— [ ]
N~ — O I0MINOD
! hall,:]
QP N
QO W Qo
T <L
Q. © . . e :
[N
El SD4 [eX 11} 4id] OO v E A ANVYNOT)
I0HINGD
(11314 TOWINOD IHLI NI L W DL 135118 4.4 HLIM VYK 4 GIWIBNNINNG D)
4 (W T
o1
] S04 N 1ad] s v]d|s IGNOGS I
TOBINOD
[} 1 '
[
1| 04 04N MIN | drd] 1SN vistf ANrNOn
I08MINOD
Q7313 YOUANOD IHI NI | VOL 135 118 3/d H1IM JNVY4 NOILYWHO 4N B
ISNOISIY 341
QINOAOHE HOIHM 3NV M3 ONVIINOD IHL NI
SLI8d IHL 40 IL VIS IH) SINNSSY SINVY S
FSNOISIN 11V NI 118 3 IHL  IDNVYDIHINDIS t L jun
ANY JAVH LON S300 118 4 3ML 40 oL
ILVLES IHL IIAINIINAY INL IV IION v
Fl $24 N |ard] s ils NS I
JOMINOD
[} [ CT]
o1
4 §24 (TIPS v]a]s N
TOHINOD
(1313 YOBINOD 3L N1 L v O1 135 118 4/d HITM (INYINNOD ABOSIAH I4NS v
QY34 IOHINOI NI 18 (4:d) TYNIEIIOG ¥




DR T S TR s 2 ]

NN YO
0 ~ o™
N
O N~

— [+)]
N~ M,
L} et ™
[TV
O N Q

S < (LT 30 9 329Yg) 1050301d NUIT IA 8pPOW °Z-g ainbrg

4 O . B

z % EL]
O
4 sS4 N 44 5 visle IOy 3y
i 1NMINDY
1310N 335 WWVH I 0 31H0AY
o v ’ o T aw
0 L
I N E) B vl R o o laa] < el e
tSHY T Yeno
NIMIIOSHIBLL NVHL WILHONS 9 ) LOMS * WOMINODG I0HINGD
D04 I HIHM INO BO 1 INVE S Gi IvANI +

NY S! INVE S QILHOBY NV SNH1E SOV 4 1
v ML AB (TIONNOB 4 1H 340Md LON S) LvHy S4B IALNDINNG )
INOSY OIN1 3T St VY H S DITVANINY  3ION GU MM S118 1 IATLOIISNND GI HIIM IININTS JuiMy 8
DY OINENNT

[4 ] L1
ot
4 S N | ad] - vl4]s ISNOIS W
1M1 NOD
110N 3191 IV H 3 13LHORY
n z o [ Ll
o LT}
a31u08v N (N [ ad] 1IN 11! ) €4 win Jara] s vis |- aNvrenn
S1 NOISSIWENYEL HUVH S | NV NIHM -
OFIININIUONI I8 LON TTIM ISIN 41 SHOBY » YOHLINO D 10HINOD
NV SV 0313444 11N S1 5119 INO SNONDIINDD T
S1NYKHLSSITHO L 40 4413D3Y (SONIZ
13208 ISNI ON H1IM) S118 INO SNUNDHINOD AR 1 IAIIND ISNOD SIB L IATFNIISNOT ¢ HLIM IINIAD IS LHORY v
GLNVYML TSIV INA L ASY 3T LY OMILLMMENYE L (LI
AR IINEN JN 34 St IMVH 4 ¥ ONILHOBY  JION AV INIOINT

MNIND TS LAY € 1




CG-510262

Part 1 of

2

[P TR IR T I o WL R L

[ Xy %

S

T
AULLUOG SEOY 319 SRIHE Y

T4 SCIMOTY NI SR ING SNONNTING D 3414

NOLI M AN LIR OM 37

v

.
o — (LT 3O ( 183Ysg) [020301d NUTIT IA SDPOW 2~ 2inbig
~ &N
[ea R ¢ 1]
—t
]
—~ D
~ M QAAIIITENIIB SwH S HORY Y T INC WS 4 F
~ O,
Q, AIAFTIHNTIR SO FaNJDIT w4 v 100 HHIZ wSTEE 44
IININGIS IHOBY LLite
A IININNIS Yy d g NLiLiil LH M WL SIO NI HAATTI 3 I A IO Y S8 1 e g 40 B
VB HINIAIG (D AgSNE L !
0 35300 1RO Buinn . . €353130 118
A7 IMONY TLTSY N13SSvd IRY SIIR INOS F11 01 OHIZ v 4t v
HIAIDIN
418
Mz estgisn B GNIMOTIOS IHL S5I3dSNI ¥IA13DTY el S1IB ING SNONDIINGTG
15 3419 AR (1IN0 1704 118 10) GHIZ ¥ ONIATID IH NO " WY YL
HIL1INGNY - (I8 QIAI1D 34 IHL SHOLINOW X 1SHONONITNDD HIAIIDIE M)
SA1314 554 ONY NOILLY B ING
TOHINDD STIVAAV 3HL 40 SINIINOD IHL 01 S3)1ddv 118 10) OH3IZ
L SO NOILEASNG JHL FNYH I Y 40 Dv 14 ONIINI JHL ONY OV g
ONINNES IS 30 NIV IR THIMMANY S1I8 111 IND SNOMGHILNOD
FATSONMNT IS 1B 0 0432 W SIHISNI HILLINSNYE L 31 310N
v 1 MHH
ot ISNOAS I
<y N {4df 5 vla]s
M INOT
o L} i}
o UNVANOD
‘ S24 O 4N tHIN Jddf SN v|]l 4]
* UM NG ¢
i
QOILTLL JAVH G131 NOVLVIHN INI N
Q1314 NOL v O ANT NESTIR INO SNOANIINGT 3A14 8
f v e I4 o fum
n o NS I
1 <34 win Jed] s s Sy N |aa] s v)s]=«
10 INOD WIHINDD
o 1 7 0 [} HH
o L1 NN
s3] sie nane N J4a) SN v 4 a4 ‘ 14} 8 v] 1)<
YOHING) INMINOY




NI R .

.
NN N (LT 30 g 393yg) 10003014 NUIT IA 3pow Z-€ 2inbrg
(Vo] ~ o
N m
oo
— [
N~
[ bl — S L L1 ] Ll LE]
UL ™A, o "
O w ] S04 1IN Jad] S vji]s +{ Soy LELT 14] non viagn 170048 3
g <<
TOR1INOD 1OHINOTS
o,
0
o L v o ‘ v
I+ n
9 524 [eE L) iHIN 4id | 1SIN v 1 {1 Pl She 0N “ing Laa] inin v 4 . I T gl
10WLNOD . WiniND
SLIR 2105 Nviel thox:l\\
Y34 NOLLY B0 aNY
HIONAT NOMIXYIN 311 SO3IDX T LurL 01314 NOH Y INND IN5 NY SNy | NOD 1) i Wwsgr
ISNOSS I TIIVANL
14 T v 1 ¢
o ot
3 4 (LU P71 I vis]s 4 LT [CILN P77 vlsts FINOES I
04 1NCD 0O INOD
0 | w4 o (o L)
" m
] Lol O4N 4] QOW w4 n ) Yy (HIN 1af < v LN CINTNND
IOWANOD RIS Toh]
ISNOIS IM AMOSIAK 3O N1 TvANT A
LN [F] 14 L)
" o
E $J9 O 4] QOW visln 3 Sy (1L EI2 ] Y vli}s I NCH5IM
Y0M1NOD OH 1NOT
INYAROD OF v AN -
o LN &3 n t funm
01 01
) 74 idin | 14f S vis+ s 4 “q N 14} < vls]- TINYIWN Y
AL UTL N R) [T
INYIRNC AHOSIAR AT (L INANT &
(LRI L LR




R LTV RS T NN N N R

(LT 30 6 1233Us)

10903014 NUTT IA 2pow

*Z-9 2inb1yg

T

t ) Hys
aNONOY™M i
0 ~ o 4 LTl O NI 4id| OOW vias|n
NSO m
[ e Xen 108INO)
- o
N~~~
| ol
Q& W, ONYWWLD ETVANE
0w aQ T
] 5 < "
k) 79 4:d] QOW v]i)e
v s
1OMING
(L3SH) ONVIANGD CIIWANT H3IM JNTH S 1134 IANONNG g
[ TP
1"
3| so4 O4NI Jid} aow vy asln
10¥INOD
ONYAWOD J1TVANI
! ‘¢
"
4 sS4 14§ 0m visfn
TOMLNOD
(WBVS) UNVIWINOD GITVANT H1IM JNVH S (1 18 IANNNNG 3
>
i wn [N BT T'F)
" X
3 S04 44} aOWN vyis+qn S29 04N EILE ale o vis|n
0L NOD M D
! n 1 n
1 0
4 4 [oF 11} 114 ] oON v 3 1 SO Q4N did] o v 1 In
TOM iNOD ’ OHINOD

_

SIRL/OG NYHL HIIVING
V314 NOHLYINBO INY

HION I AOMOOYIN 341 SO 3303 4VHE 111314 NOTLVIHO AN NY SNIY [ NOD 1O IHM Nvun a

10 INODE 1D IM INVYH Y 1

3N I

ONYRNOT

FSNGESIN

NNYRNOD

ISNOJIS I

ONYRNOD




i -y

b AR e A i iyt

(L1 30 01 323ys) [(on0301d NUIT IA 8pPoW *Z-4 ainblg
) ] HY UEFYE JSAN
ol HIWIL S IHL ONY INIWIVGIIMONNDIY NV 1121105
NN < E] 574 [CTL 2 ETY K vl 4]s OJ AINISS! INVE I INVANOD S 31 VIiHENHEdY
0 ~ N 4L 1TID0 I IMONNIVNO] ONIGNVLSIND 111 € NI 31
NY oD 104 INOD SUIWVHI | IHL ONV STHIdX I HINIL ML 41 310N
(oo o
— [}
N~~~
! el
O N0,
O W, 0 v ey [} .{o
@ L m s o
a 1 $94 win 14l s vi? o —w] 3] s 04Nt N [arafsing vl ONvrwen-
\Xe]
1OHINOD I0MINGT
(INVHS | INOI HINIL INVE S NOHLYINMOINT D
[} v fuy
ot
4 LoF) [LIL I ET2 ] B3 v|als ISNOLS 3u
1041NOD
INVY 3 OIL1INSNVELIY
0 1] vy [ v ] vy
M S 100 01
S04 N Jad] S v | M — 'J 4 4 [T E7) v QN VWO
0¥ AINOD T08LINOD
BINIL ONVINROT) ABOSIANINS @
t va
(4}
s34 14| oom ISNOIS I8
TOHINOD
INVH S AILLINSNYHL I
t | mavs " v | wevs
it 1no (R}
4 14| oow v p— |IJ <34 14| aom vias]n Onvren
10WLNOD IOMINDD
¢
¢
i MINLL ONVIINOD G I IRRNNNGY ¥

SINOINIL WIWIL INYHY R




NN
O ~ o
N o
o 0~

— 4]
n—~~om
| o
V& ~a,
QO %
o <
.

w

(LT 30 11 13I93ys)

1030303d. 3UT1T IA 2pOW

*z-9 ainbty

A EYISIN IR VUM ONY NI YE T 1 H IV NOG
L8 IS 38 1 1M GNVANOD ) AMNSIA g IS v BIMIL
L SO TVARIINT IHL ONIBI) A TNO SIINFIN S
OVIIINIONTS $1 IAILIVIND SORI VLS TWI0 )
g g8 ALIATIDY WNLY SHOLINON MO M 31 L
VNIV NIV SN YIS 00V HENIIO Y 30N

oy

TOWENe Y

o ¢
1
’ Y [ en feal s

100 WL N e

MWW LT INL UNY N ININOZTMONTIY NV [N

Y

' ’

10W 1NN 1

saf rn

Yam NG

ES T RERR AR TP L DR AR L L UYL
AN S OO W N B

A48 In

VN vy

LYV T

SNy




« ieRuaRE ibes L0 ND maal e s maM -

b e raa ehe teaw mt e ALt L bue e
s s
e Y
Nt [] ~u
ol - J-0] - . NN - . .
o . . s [o] e - oL ed ] D .
Y g - N

atsronst e . NN N
o]
§ MComO mawt 3 eRuAt
omr ona na onm
v e ~es Jeo| wa ~e vy | e ~s o] v ~ PR \ - = -
. I . N .
° J
. . a~ .

M teAN s eam

M prons NER DS ‘o . . . 17¢ . by
¢ OB LTI AW ABE Tty
CumTa
commanc ,
s e e s efela s [re] ww ~ . . e o ) .|
N N Ny
e
st wonet e ‘ » - s
° GRE e N 0 RANES A Pl ey
“omraLL NN e . -
e AR ~ s o] o fod] we n P
o v e e n . vl N ~ . ol
. R . i
[ERCTRTYT™
o~
4 o N R B

e L A ‘




CG-510262
Part 1 of 2

6 April 1979
Page B26

M D IEED (EEL

AT PRI

7

4
L

1

Figure B-2. Mode VI Link Protocol
(Sheet 12 of 17)

5
.- Y




CG-510262

o~ oy~
~ o
“tonm
Q —~
[\
~—~
- a
FE RN Vo
~ Q,
© < .
a (LT 30 €1 2199Yys) 10D50301d HUTT IA 9POoW °Z-g ainbrg
\D
1 + Juy 0 + Jum
o1 o1
Pl 4 (din fadf s visdfs a4 (YIN fdidl s a1s
1OM LNOD I08INOD
0 . o 0 t feuW
0 "
D4 03N N fdd] 1SN 4 $24 N | 4d) S
T0HINOD TOMINOD
ﬁ ¢ ¥n 1 navs
(%} [N}
SO 14| aow vi4 S24 414| aow g0
104 LNOD 108LINOD
1 wn 1 { WAvYS
1 it
sS04 4] OOW 4 s34 14 now
T0MINOD TOMINOD
.

ONVYRINOD INB VYS! 300N G IINY 1WE SNONOHHINASY s v

NOINIINODI DNILLIS 300w 01

ISNOLSIM

GNYYWWO D

LY I

Onvrenod

e p— - e v g o W



CG-510262
Part 1 of 2
6 April 1979

Page B28

N et an iimdinde v i St el i - —
(LT 30 b1 3I82ys) 100031014 qUTT IA 9POW *z-9 @2inbrg
QILUVLS SI HIWIL S 3H1 ONY LN IWIDTTTMONN IV
NV 1121708 O1 LN 35 S1 INYHI UNYWNOD
- S ILVIHJOHIAY 3HL (QIDAITMONNDVNA
ONIONYLSING 17115 3HY SINVHI | IHL
ONV S3uidX 3 HIWLL IHL JI Q1TVA 38 OL GIWNSSY
SINOILYWHO 4N (HIN 3H1 HOHHI SI4 NY IAVH v own
LON 5300 INVHA | 3H1 IONIS IWVHI IHi WOH2 " 1SHOIS 3
0LIVHIXI ST INTVA (MIN 3H1 HIL3Y Q3QHVISIO 3 s34 19| aow v|la]n
30 711IM NOILV IS ONIAIIOIY 3HL 40 318V INVA
¥ 3HL 01 1¥N03I LONSI ISIN 31 SHOHH2I 208 1NOD
H3IBWNN IDNINDIS ONIAYH SINVHS | ILON
{1S) INVH 3 ININDISANS ONV)
OILLINSNVHLIY S| INVHS 1SHI3 . HHEIN 7 S| INAS 40 110
0 0 0 o | r3se
. o " ONVIHRO"
1| soa 04N win [ad] v vlal 3 S04 14| aow 1| n
1081N0D OBINGD
NOILVLS 3LOWIN LY
11SIN » H) YOWEI ON 3ININDIS
ﬁ [ t |uw
ot ISNOES 3y
4 $23 win |ad] s v|a]s
1081NOD
1030UVISta St LNB (%0 SD3) (HOHH I S5 NOISSINSNVYHL
%O G3A1303W INVY 4 SIKL] NI G31BHVO $1 INVES SIHL)
° ' 0 0 0 0
o ° GNvNOD
3| so4 04N win Jad] o visdfa| so4 [T N |ad] sIn 1l
10¥INOD 1081NOD
L
-
o v |uu t] wn
ot 1 SNO4SIM
P s34 1N | 3/4] S vlafs 3 o3 14l aom vlsln ISNOISY
1081NOD T0H4LNOD
AQVIH B3IA13DIY NOILYZIIVILING 300N
0 v {um | wavs
ot 1 ONYIWOD
4 $34 N fad] s vl afs 4 s34 44| aow 1{n
10MINOD 108 1NOD
.

JNVHS LSHIS N HOWE 3 HSING HIRNNN IONINDISONIS v

RSP A g o ¥ fona? <7 -2 4 0L 2B

SHOHHI HIEWNN IININDTS INVYE Y

e




CG-510262
Part 1 of 2
6 April 1979

e i e S R S AT S R O PORRRER . STRIE L R G~ ——— .3

- cat s — -
(LT 30 ST 3199ys) 10003014 Hutl] IA @pOW °Z-€ =21nb1g
o)
o~
m
[ HOHH I NI SIIHINSIME 30N
IINV 1 SNI SIK1 NI ISNOJSIY NVHS S HOIHg
s} 28 03DAIIMONNDY AISNOIA Indd 36 IM SINVY 3
[ ISIHL WIAIMOH S INYH 4 03D0ITMONNIVNN
o ANIO3IIHd ONY 3 - ISIN SIDOIIMONNDY ( - (HIN
[} v 3 i HH
13 o
) S04 14| OOW FE K 3 574 [TIL £ IR vl s]s
INHINGD 104 LNOD
(SIN MIN HLIM
WNVH OILLINSNYHLIY
— o
t 1358 [} i z
u o
0 - ISIN ] 3 S24 tid aown \d 4 N 4 S04 NN HIN did 1SIN v 4 '
JOMLNOD IOHINGD
INVEAS NI IIBINT HIGWNN IININC IS IAITIIY 5
t wil
11}
30MVYISIO 38 1M 1 S04 sid] aow v|a]n
INVES I JHL GIDAITMONNIY ONY QILLINSNYY L
NIV ATSNOIAING SYH INVY Y S [ NV TiIHM 10H1NOD
ISV IHL NI NOISSIWSNYH L DNION 3¢ INVE 4 | NV :
01 YO G3D0IMONNIY ONV OF11INSNYHL NIID
AVSNOIA Jtd SYH HIIHM INVH S ( NV OL SINIOS
HOHAM U IBNNN v SV GINISIT SLIMINONYANINY L 11SI3IWYE 3 LN IND ISENS NV
Q31LINSNYHL IH SI Iy 4 ONOD IS LN 7 S!INAS 40 410
SINNSIM -——
NOISSIWNSNVUY L IWVHJ | TVINHON ONY O 37 HLIM o ¢ o 1] 135m
ONELHVLS SUIMNNN 3DNIND IS MIN QINDISSY 6 1
JHY SINVHJ + DNIGNYISING IHE NOILYHIdX I s s " o ' vl 54 4| aon vl s |0
WML N OL MOt OJATIDIY 51 ISNOASIH ! o3m bl ' ! ¥
1N} LNINIDAITTMONNDY 0 38 FBWONNN NV 41 1OMINCY
Q3LUVLS S| 4 IiL TNVININOD (1)) O 34 JBONNA IHL YOMINOD oul
UNY 1NIS SIONVNNO) LISH v NOILYZINONHINAS -
1SO7 S¥M NOILYLS 310WIH IHY L¥Hl
GINOSSY S1 1t IDONVH 4O LINOSI (WIN 91 FUON L=~
NOILVS JLOW3M Ly
1SN » M1 HOMB I ON IININDIS
1 1 fun
ol
S04 [ZIL EIT) B v]s1s
1041802
10306 vI5H0 S iNG %0 SO 140HH 3 SI4 NOISSINSNVYL 103043077 St ONY
M0 Q3A13D3Y MVl 4 SIHLI NI O378HYO SI INYHS SIHL A0 GIAIIDIY INVY A StHIL
o 1 L4 o t ] o 1 [
o 0 o
4 SD4 O 3Nt IWIN | 47d] ISIN vl 4 1 LeT) [eX L1} IYIN | 44| 1SN vl 4 Al kLl N | 3] S v 4w
0WANOD INBAINOD 108 INCD

IMVE A ONOITS NEHORK S 1ISING BIBMNN ININNISINIS B
1 INOD SHOYW I 1 IO 3TN IO I v




STATION A

STATION B

STATION A

STATION B

STATION A

STATIONB

12

TWO WAY SIMULTANE QUS OPERATION
A ONE FRAME ACKNOWLEDGED BY ANOTHEH F RAME

CONTROL CONTROL
UL F1A MOD |PF FCs £ N A s Jer] NiRy [J8N 3 1 3
1 10 1
saem | 1 AR| 1 0
CONTROL CONTROL
vlel a MGD [ P.F FCS F slela slrel v [IRN ¥
" 10
uA 1 AR| 1 0
8 ONE FRAME ACKNOWLEDGED BY AN S COMMAND
CONTROL CONTROL
A NSt {rE] Nims INFO fFes Jels)e]a s lpe]l wim e v
0 10
1 1 1 RR| 1 2
4 -
CONTROL CONTROL
" Fla NS IP/Fl N (A} INFO FCs F B S ) S fpsl NIRY [ ¢
0 0
1 1 3 AA| 1 2
C TWO FRAMES ACKNOWLEDGED BY S COMMANDS
CONTROL CONTROL CONTROL
[ I nsh Jeel niRy INFO fes Jedela NSy Jpe] NRY INF () I A la X2 BCECT fos
0 0 0
2 1 2 3 1 7 Hu it
L I
TN
CONTROL CONTROL CONTROL
' F a N s [PF N (AL INFO) FCS ¢ [3 A S ferf N s ¢ Y a ral ook iy
10 1w
? 3 2 RI 4 wie | a




CENTHOL

Nt

I 2

N R

il

1

INFOY

CG-510262
Part 1 of 2
6 April 1979

Page B30
CONTROL
S| F A B (A N R £CS 3
10
ARL 1

oL CONTROL
N R} FOS NIS) P/H] N R INFO FCs F
U 4] 1 1
NOTE LINES WITH ARROWS INDICATE THE
ACKNOWLEDGED F RAME

¥Cs 4

CONTRO

S el N o
10

AR b |

CONTROL

PRl NRy LXt

0 . ,

I I N (~ “\

o

Figure B-2,

Mode VI Link Protocol
{Sheet 16 of 17)

P At s B v 3 F AR
. -




TWO WA Y SIMULTANEQUS OPERATION ICONT!

D TWO I FRAMES ACKNOWLEDGED BY | AND 5 FRAMES

CONTROL
NS [P F N (R) INF ()
4 t ]
CONTROL CONTROL
N {S) INFO L N IR" INFO) L
3 4
€ THREE | FRAMES ACKNOWLEDGED BY 1 AND 5 FRAMES
CONTROL CONTROL
N (S N 'R INFO [ 1 N Ry INE (1
6 5
CONTROL CONTROL
F NiSH IPIF] N IR NG e TR
0O
I . " ) !




CG-510262
Part 1 of 2
6 April 1979

Page B3l

CONTR. 1
%) |P N M 'y 3 +
!
COMT e T
S vl N ow ‘ + a I BLNUN L t
m
RH] t Hi | b "
A ONTHU CONTROL
PEE N o ' vl oa S e N Fos ¢ t|a S PR N FCS 4
i 10
1 LR B ! RA[ 1 “
S I y — ,
NI CONTROL
A “ vy o N ' She ) a sl N [X&Y 3
1m0
HR| 1

Figure B-2. Mode VI Link Protoco!
(Sheet 17 of 17)

M W S~ 44w s

T YT




CG-510262 .
Part 1 of 2
| 6 April 1279
‘ Page B32

SECTION 24 - MODE I LINK PROTOCOL

24.1 INTRODUCTION. Mode I iink protocol is employed in access
protocols that facilitate communication between certain (Character)
terminal subscribers and AUTODIN II. Mode I is a full-duplex
character-oriented synchronous type of link control. It uses
character parity and block parity checking along with retransmis-
sion of errored blocks to achieve an automatic error detection and
correction capability. Mode I allows independent, simultaneous
operation between both ends of a link. The AUTODIN [I Packet
Switch Network will interoperate with subscribers and other
networks according to the Mode I continuous mode requirements
defined in paragraph 24.2 below.

£
é

24.2 APPLICABLE DOCUMENT

DCAC 370 - D175-1 DCS AUTODIN Interface and Control

Criteria dated 2 October 1970,
Chapters 1, 3, 4, and 5.

24.3 MODE I CHARACTERISTICS. The following summarizes the salient
features of the Mode I link protocol to be implemented in the
AUTODIN II network:

a. Full Duplex (FDX) operation . |
b. Synchronous operation

¢. Coordinated continuous transmission through the use of
control characters

d. Character parity and block parity (BP)

e. Transmission code (7-bit ASCII)

- ey -
RN VLSRR Y

Yrs

f. Character-oriented (7-bits information plus 1l-bit parity)

)

G Eaa

1. Control character - even parity

2. Data character - odd parity

».

g. Block parity character odd or even (ie, no specific parity
on this character since it is the result of computation of
longitudinal parity)

to B

o

h. Each block may contain 80 text characters and four framing
characters for a maximum of 84 characters

i. Two framing characters precede the block and two succeed
the block

T e . B

jo A block is permitted to be less than 80 characters
provided the last character is followed by the special
control character "End of Medium" (EM)
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k. Characters are transmitted serially by bit, with the low
order first and the parity bit last

1. The last character in every block is the BP, which is
Modulo-2 addition of all the characters in the block
starting with the second framing character

m. Insert two-character control sequences into outgoing
data stream without interfering with data sequence.

24.4 FRAMING CHARACTERS. The framing characters and control
characters delineate the beginning and end of each serial block.
Two of these control characters precede the block and two succeed
the block. There are seven control characters that have fixed
bit structures; namely SOH (Start of Heading), SEL (Select), STX
(Start of Text), DEL (Delete), ETB (End of Transmission Block),
ETX (End of Text) and EM (End of Medium) which are even parity
characters. The DEL Character has a fixed bit structure, although
it is not a control character in the strictest sense. .The SEL
could take any of the 12 values defined in Table B-I. The block
parity is a result of Modulo~2 computation; hence, its Hit struc-
ture will vary depending on the block it represents. 1Its parity
could be odd or even, depending on the parity vector in that
block. The bit structure for control characters used in Mode

1 operation is defined in Tables B-II and B-III for a.seven-bit
American Standard Code for Information Interchange (ASCII).

Refer to the Mode I data format in paraygraph 24.11.

Table B-I. SEL Characters

Select
Characters Identification

A Teletypewriter format and code

B Identifier source transmission tape 7-track

o Identifier source transmission tape 9-track

D Card format

F Switch card flash messages identification
Active operator alarm

G Identifies the block transmitted in response
to ENQ

H ASCII paper tape

J Message switching unit - MSU CONUS AUTODIN

K Circuit switching unit - CSU CONUS AUTODIN

M Reserved for future use

P Reserved for future use

S Switch paper tape flashing messages identifi-
cation -~ Active operator alarm




CG=-510262
Part 1 of 2

6 April 1979
Page B34

American Standard Code for Information

Table B-II.

(ASCII)

Exchange

be
i d

- -
— I n]laleo ol ol o] >»] 3] | | wj-]-=-]—~1? W
o
o
- o] ojlo|jvu]w] o] o] -|-Jx]~] E] €] ©
o W |la|ojlwir-Ia|>|EB|X][>|[N]—]| ~]—]¢
o
o e |m|<<cjlojL]OlWIL|OIZ]|—|" | JS]|Z]|XZ]O
[ad | D] —|N]m |||~ > ol v ItA|e.
o
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Table B-II1. DCS AUTODIN Control Code for ASCII

b7 ] ] ] 0 1 1 1 1
bé 0 0 1 1 0 0 1 1
b5 0 1 0 1 ) 1 0 1
COLUMN
b4 |b3 b2 [b1° 0 1 2 .3 4 5 6 ;
AROW
0/o0jolo 0 P
olo0fo]1 1 SOH REP*® A
0j(0]1]o0 2 STX RM** 8 R
0|0 (] 3 ETX C S
0 1 0 0 4 STOP** D T
oftjo}l 3 ENQ®® | NAK®® E 0
glt1i1]0 6 ACK 1°*| SYN F
oft[1]1 7 INV®* ET8 G
1{0fo}lo 8 CAN** H
1]olol 9 EM
1]0]1]o 10 MC J
1101 ] 11 X
1t iviolo 12 ACK 2°°
tl1logs 13 START** M
1 1t 14 WBT**
INERERE 15 DEL

* by is the low order bit
** These control characters are transmitted in identical continuous parrs.

el i L
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24.4.1 Start of Heading (SOH). SOH is the first framing character
of the first block of a message. It is an even-parity character,
and is always followed by the select character. t

24.4.2 Select (SEL). SEL is the second framing character of the
first block of a message. It is an alphabetic character with even
parity. Refer to Table B-I. Select characters that may be used at
the transmitting subscriber terminal are A, B, C, D, J, K, M, P, G,
and H. At the transmitting subscriber terminal, the select char-
acter is determined on the basis of the switch setting. At the
receiving end, the messages are routed to the output device asso-
ciated with the select character, with the exception of a narrative
message containing either S or F select characters. The S or F
select characters will be sent to the specified output device,
depending upon subscriber terminal configuration. Select charac-
ters that may be used by the Terminal Access Controller (TAC)

are A, B, ¢, b, F, M, P, S, and d. The bit structure of these
codes is shown in Table B-II. :

A IR W

-

——— -

24.4.3 Start of Text (STX). STX is the first framing character of ]
all blocks except the first block of a message. STX is an even -
parity character. -

24.4.4 Delete (DEL). DEL is the second framing character position
of all blocks, with the exception of the first block of a message.
Its presence indicates that the subscriber is a terminal; thus, a
terminal inserts DEL in this position when sending data to TAC, and
TAC inserts DEL when transmitting data to a terminal. DEL is an
even parity character.

by

© . mr——
-

24.4.5 End of Transmission Block (ETB). ETB is the third framing :
character of all blocks except the last block., ETB always appears r

in the B83rd character position of a block or following EM in those ?ﬁ
messages where the block is short (ie, less than 84 characters). ‘

ETB is an even parity character.

24.4.6 End of Text (ETX). ETX is the third framing character of
the last block of a message. It is an even parity character. ETX
always appears in the 83rd character position of the last block or
following EM in those messages where the last block is short.

24.4.7 End of Medium (EM). EM is a special control character which
marks the end of text in a block containing 79 characters or less.
Like the other control characters, it will have even parity and it
will be included in the block parity check. EM will be followed by
ETB-BP or ETX-BP in the case of the last block.

24.4.8 Block Parity (BP). BP is the last framing character of

every block In the message. BP always follows ETB or ETX. Con-
trary to the other framing characters that use even parity, BP
may be either odd or even parity resulting from Modulo-2 addition
without carry of all the bits in each row vector of a block,
starting with the second framing character, including all the
text, the EM (if used), and ETX or ETB. At the receiving end,
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the received BP character is compared bit for bit with the receiver- 4
generated BP character. The two characters must be identical. If X
not, the block is considered to be in error. f

It should be noted that the response characters (receive control jf
characters) are not included in the block parity. The generation :
of the BP character at both ends and the ccrrelation process at b

the receiving end are done by software in the Line Control Module I3
(LCM) .

24.5 RECEIVE CONTROL CHARACTERS. The recelive control characters
are answers or responses to the transmitted blocks which are sent
by a receiving station when requested (through transmit control
characters) to do so by the transmitting station. These characters
are ACKl (Acknowledgment No. 1), ACK2 (Acknowledgment No. 2), NAK
(Negative Acknowledge), RM (Reject Your Message) and WBT (Wait
Before Transmitting). The receive control characters are trans-
mitted in pairs which are inserted anywhere in the bit stream
except between two adjacent framing characters. They are not 5
added to the block parity sum nor are they counted in establishing -
the position of ETB or ETX. Refer to the Mode I data formats in
24.10. Reyuests for answers are as follows:

e s N WY
R L .

g
a. ETB-BP or ETX-BP if the rest of the block is in proper F
format with the proper framing character

b, Transmit control character REP (Reply} sequence
c. Transmit Control Character CAN (Cancel) sequence i Lo
d. Transmit Control Character ENQ (Enquiry) sequence &
when a reguest for an answer is received, the receiving station i
will respond with an answer which is inserted in the transmitter X
side. 4
24.5.1 Acknowledge No. 1 - ACKl. ACKl is sent by a receiving
station to signal the transmitting station tnat the first block has

been received correctly. Subsequently, ACKl is used alternately
with ACK2 to indicate correctly received blocks.

24.5.2 Acknowledge No. 2 - ACK2. ACK2 is sent by a receiving

station to signal the transmitting station of every correct block

received after the block which was answered with ACKl. The

sequence of alternating ACKl and ACK2 is not interrupted between _
messages; ie, if the answer to the last block of a message was §
ACXl, the answer to the first block of the following message will ‘
be ACK2. ACK2 is the proper answer to the transmit control char-

acter CAN seguence.




CG-510262 ' 4
Part 1 of 2 :
6 April 1979

Page B38

24.5.3 Negative Acknowledge - NAK. NAK is sent by the receiving
station when an error is detected during the receipt of a block.

It is sent when the answer is requested (ETB/BP, ETX/BP, REP, CAN)
and not at the time of detecting the error. Upon receipt of NAK,

the transmitter will repeat the complete block for which the NAK
applies.

24.5.4 Reject Your Message - RM. RM is sent by the receiving
station to inform the transmitter that there is a defect in the
message that cannot be corrected by retransmission of the block.
Upon receipt of RM, the transmitter will cause the message to be
cancelled. Subscriber terminals are permitted to send an RM only
on a power-up condition, a loss of power, or a return from self-
test, Computer interface subscribers are permitted to send RM only
after receipt of the BP character.

24.5.5 Wwait Before Transmitting - WBT. WBT is sent by the re-
ceiving station (in response to receiving a good block) to inform
the transmitter that it can no longer accept blocks. While WBT is
being received, the transmitting station can send only control
characters or SYNC characters.

24.6 TRANSMIT CONTROL CHARACTERS. Transmit control characters

are sent by the transmitting station to direct the receiving
station to take some action. These characters, REP (REPLY), '
CAN (CANCEL), and ENQ (ENQUIRY), are transmitted in identical
continuous pairs. Each character is even parity. They may be
transmitted only between blocks or following the 82nd character

in continuous mode. Refer to Mode I data formats in 24.11.

24.6.1 Reply - REP. REP is sent by the transmitting station to

direct the receiver to send its last response or its current up- [
dated response; ie, ACKl, ACK2, NAK, RM, or WBT. Each transmitting i
station will have a variable timer that will be started when the BP
character is transmitted. When the timer expires, REP is
transmitted if any of the following occurs:

TV

a. ACKl, ACK2, NAK, or RM has not been received.
b. WBT has been received.
c. No answer has been received.

The timer will be :estarted each time REP is sent, and stopped when
ACKl, ACK2, NAK, or RM is received. 1If REP is sent three times

without a reply from the receiver, an alarm will be activated. .
The precise timer settings will depend upon such parameters as ™
transmission speed, length' of the line, and delays in the modems. 4

For continuous mode operation this timer setting may expire within K}

the block following the one for which the answer is outstanding. In 4
this case, the first REP should not be sent until the 80 data 3
characters or EM for this block has been sent.
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24.6.2 Cancel - CAN. CAN is sent by a transmitting station to
direct the receiver to cancel or discard the message currently
being received. Between messages 1t serves as a means of synchro-
nizing the ACK sequence. CAN is initiated by the receipt of RM as
the response to a block and acknowledged witl receive control
character ACKZ2.

CAN {3 never transmitted within the text portion of a block nor
when the answer to a blocx is outstanding. If the respcense to a
block is WBT, CAN must not be sent until ACKl, ACKZ, NAK or RM nas
been substituted for WBT by the receiver. CAN must bpe acknowledyed
with ACK2. When CAN is sent, the answer timer will be started and
if ACK2 has not been received when the timer expires, CAN will

be retransmitted. If the response to CAN is WBT, CAN will continue
to be sent each time the timer expires. If CAN is sent three

times without a reply from the receiver, an alarm will be activated
and the CAN sequence will continue to be sent at predetermined
intervals.

24.6.3 Enquiry - ENQ. ENQ is sent by the TAC to reguest that an
AUTOVON and a common carrier subscriber terminal identity itself,.
The answer to ENQ will be the terminal identifier sent in a
predetermined format.

24.7 SPECIAL CONTROL CHARACTERS. These control chargcters include
EM (End cf Medium), INV (Suspected Invalid Message), and MC

(Mode Change). Like the other control characters, they will

nave even parity. EM and MC wiil be included in the block parity.
Refer to the Mcde I Data Formats in 24.11.

24,7.1 End of Medium (EM). This special control character is
presented in 24.4.7.

24.7.2 Suspected Invalid Message (INV). 1INV is sent by the TAC or
subscriber terminal when an unsolicited answer is received. INV
will be transmitted as a dual character segquence ii. response to
each ACKl, ACK2, NAK, RM, or WBT sequence received when an answer
1s not expected by the transmitter. INV may be interspersed
anywhere in the bit stream except between two adjacent framing
characters or between adjacent characters of a two character
control seguence.

24.8 LINE SYNCHRONIZATION

24.8.1 Synchronous Idle - SYN. SYN is used with synchronous

operation to enable character synchronization of the bit streanm
between the cerminal and the LCM. SYN is an even parity character,
which 1is transmitted continuously when no other characters are
being exchanged.

T i ST i
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Character Frame. When establishing character trame, the

r the SYN character. toutr contlaguous SYN

characters will be received betore the receiver considers itself
to be in character trame. The SYN character will have even parity.,

Jdelay will start when
when the receiver is

ﬁ access interface will

are being exchanged.

cquipment, particular
maitntain bit synchron
bit synchronticed, the
subscrliber will estab
intertace will immedi

2409 JONTINUOUS OPERATION REQUIREMENTS.

The receiver will consider itself out of trame when it tails to
detect tour contiguous SYN characters ot a REP or CAN sequence
within a time delay equal to the answer timer setting. The time

the block parity character is received or
ignoring characters waiting tor a REP or CAN

The time delay will be stopped when the expected sOH or 5TX char-
acter 1s received. The time delay will be restarted whenever tour
contijguous SYN characters or a REP or CAN sequence 15 received.

The PSN access intertface will provide channel timing and the two
levels ot synchronization required tor PSN subscribers operating
E trr Mode . The precise timing requited for Mode [ channels will
- be provided by a master station clock. The AUTODIN II Mode |

transmit the special even parity control

character YN on all Mode T circuilts when no other characters

From these characters the communication

ly the crypto equipment, will establish and
loation.  Atter the cryptographic units are
Line Control Module (LCM) and the Mode 1
lish character frame. The LCM receiver

ately attempt to reestablish character

Continuous operation

is designed Tor high-reliapvility circuits over which the percentage

|
{
i
J]
{ trame when the recelver times out or taills to detect SYN.

1 ot block retranswissions 1s relatively low.  In tals operation,
| transmission ot 3 second block can start prior to receipt ot the

proper ACK tor the tirst block. The PUN can support continaous
mode and block-by-block operations on Mode I clircuits.,

Retet

2 to the Mode 1 Data Formats in 24.11 for continuous operation,
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e transmit side also sends receive control characters
recoive side and intersperses these control characters properly in

the text portlion of a

|
| In the startt-ot-=-hblock

. The transmitter is in the nondata state when

part ot a block and 135 sending 8YN or control
charactoers. The transmit data state is entered when SOH or STNX i

BP of the block being transmitted

3 osent,
or the

block. .

position the transmitter checks to see 10t

i [NV character or any receive control chatacters are to be sent,

there ate, these doub

le-character segquences wili be sent contiaqa-

s ly. The start-ot-block character (ile, S0 or STXY will be
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| Controlr charactets wi
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The character to be sent in the second framing position of the
first block is the SEL character. Both the terminal and the LCM
send the SEL character in the second position after the SOH char-
acter. Only the SEL character may be sent at this time. The

DEL character will be sent in the second framing position of the
second and all succeeding blocks.

After transmitting the start-of-block character and the second
character, the transmitter is now in the text position. In this
position, receive control characters, text characters, or special
control characters may be sent. Only text and EM characters are
used to count to the next position. After transmitting 80 text
characters or 79 or less text characters and an EM character, the
transmitter is ready to send the end-of-block framing character.
If the transmitter has not received a correct acknowledgment for
the previous block, then the transmitter sends synchronizing
characters.

In the end-of-block framing position, the transmitter checks to
see if any answer flags are set; 1if so, it vI11 send the answer.
If there is no answer to be sent, the end-of-block framing char-
acter is sent (ETB or ETX) followed by the block parity character.
During continuous operations, the transmitter starts sending the
next block, if there is one; otherwise, synchronizing characters
are sent.

If any recelve or transmit control characters are waiting, they
are sent at this time. If there are no answers to be sent and

if the answer timer has not expired, synchronizing characters
will be sent. When the answer timer expires, the proper transmit
control character will be sent. If the CAN sequence or the last
block is acknowledged, the transmitter will send the start-of~
block character of the next block.

The RM seguence may be sent by the LCM in response to a block of a
message; in this case, the CAN sequence sent after receipt of the
RM seyuence will cancel the message. If WBT is received as an
answer to the CAN sequence, the CAN sequence will be repeated at
REP time intervals until WBT is no longer received and the ACK2
sequence is received.

The CAN seqguence timing is identical to the REP seguence timing
procedure. A REP seyuence will be sent when an answer for the
block is not received in the allowable response time. Each REP
sequence will be repeated by the terminal up to three times If no
reply is received. 1If no answer is received after the REP seyuence
has been sent three times, a no-reply alarm is activated and the
terminal will continue to send the REP sequence at the proper
intervals. The TAC will alarm after three REP sequences have been
sent and will continue to send REP sequences at the proper inter-
vals., [t the previous ACK seguence 13 received in response to a
transmitted blaock or in answer to a REP sequence, the block will
be retransmitted.
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When the end-of-block framing sequence is sent, timing is started ‘
for an answer and the next block is transmitted. When the 82nd
character or the EM character of this block is sent and an answer ;
for the previous block has not been received, SYN characters will
be transmitted until the answer timer expires. 1If the answer is
received and it is the proper ACK sequence, the block is trans-
mitted with the end-of-block framing sequence ETB-BP or ETX-BP,
If WBT is received or if the answer timer expires before the 82nd
character or the EM character is transmitted, the transmitter

will wait until the 82nd character or the EM character is sent
before sending the REP seguence.

Normally, the expected answer timer would expire before the last
data character of the following block is sent. The transmitter
waits until the last data character is transmitted before trans-
mitting the REP sequence for the answer to the previous block.

It should be noted that after the ETX-BP sequence has been sent,
the message cannot be canceled by the transmitter if the expected
ACK sequence has been received. If the last block of a message
has been acknowledged with the expected ACK sequence, the CAN |
seguence can be sent but it will not cancel the message. The

answer to the CAN sequence sent after the last block of a message
has been acknowledged will be the ACK2 seguence. This acknowledg-
ment merely serves as an ACK reset, requiring the receiver to
respond to the next block transmitted with the ACKl sequence. In
synchronous operation, the ACK's are alternated, first ACKl and
then ACK2, for alternate blocks, The receiver sends alternate
ACK's and the transmitter expects alternate ACK's as answers for
transmitted blocks. When the transmitter sends the CAN sequence,
the receiver answers with the ACK2 seguence; the next ACK seguence
sent by the receiver as an answer for a block will be the ACKI
seguence. The transmitter will expect the ACKIl sequence as the
answer for the first block sent after sending the CAN seguence.

24.9.2 Receive Mode. In continuous operation, character synchro-
nization must be established and maintained with the transmitter
before data reception can begin. The proper block framing char~
acter is S3TX after detection of SOH and periodicaily for each
block until ETX is detected.

In the start-of-block position the receiver accepts synchronizing
characters, receives control characters, and transmits control
characters and the INV character, or the proper SOH or STX char-
acter with the exception of the case where the preceding block
was in error. In this case, if the last received block is to be
acknowledged with NAK, the receiver will ignore a valid SOH or
STX character (if either is received immediately after the 4P
character of an errored block) and return to the start-of-block
framingy character position. Between messages, the only acceptable
character that can make the transition from the nondata to the
data state for the receiver is SOH. After having received an

SOH character in the first block, the receiver looks for an 5TX
character in the first block position in each succeeding block
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until either the ETX character or a CAN sequence has been received l
and acknowledged. Message integrity is maintained by requiring

that end-of-block framing character sequence accepted last is ETB-
BP. If this requirement is met, STX is accepted and the second
framing character is expected.

The acceptable characters in the second framing position are the
even parity select (SEL) character, or the delete (DEL) character.
If the second character is not even parity, the receiver will
ignore the block and wait for the REP or CAN sequence. The second
framing character will be additionally checked to determine that
it is neither SYN nor one of the framing characters (SOH, STX,
ETB, ETX), nor one of the transmit or receive control characters.
If the receiver determines the character to be one of these
characters, the block is ignored and the receiver waits for the
REP or CAN sequence.

After receiving a valid SOH, the next framing character must be the
SEL character. The TAC will detect an error if the SEL character

is part of the "select character set" (Table B-III), but the terminal
has not been assigned that particular select character. In

this case the TAC will set the NAK flag.

The second framing character of all except the first block of a
message 1is a DEL character. The TAC will wvalidate this character
in the same manner as it does the SEL character. If this character
is accepted the receiver will move to the text character position.

In the text character position, only odd parity data characters,
even parity receive control characters, and even parity special
control characters are allowed. The receive control characters
and the special control character INV must be double-character
sequences.

The NAK flag will be set if a double-character sequence is broken,
or if an even parity transmit control character is received or an
even parity data character is received. When the NAK flag is set,
it will not be used to update the response until after receipt of
block parity for that block.

If a framing control character or a synchronizing character is
received in the text character position, the receiver will ignore
the block, go to the waiting state, and wait for the REP or CAN
sequence.,

Reception of data characters will be continued until the receiver
reaches the end-of-block framing position. The receiver 1is in the
end-of -block framing position when 80 text characters or 79 or less
text characters and the even-parity EM character are received. It
shculd be noted that the even-parity EM character is treated as a
text character,
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In the end-of-block framing position the acceptable characters are
ETB, ETX, SYN, receive control, and transmit control characters.
The situation of receiving SYN or transmit control character
sequences, before receiving the end-of-block framing character

is encountered when the transmitting station has not received an
answer for the previous block. Special control INV is also
acceptable at the end of block framing position.

The BP position of the receive block is established when ETB or
ETX is accepted. The next character is BP and is compared with
the locally generated BP framing character. 1If they do not
compare, the NAK flag is set. 1If they do compare and if the
NAK flag has not been previously set, the proper ACK flag is
set and the receiver returns to the start-of-block framing of
the next block. If the NAK flag is set, the receiver returns
to the start-of-block framing position of the same block which
will be retransmitted.

If the received BP compares with the generated BP, and the NAK
Flag has not been set previously, the block is accepted. When
the block is accepted, it must be answered. If the receiver
cannot accept any additional blocks at this time, it may halt
the distant transmitter by answering the received block with
the WBT sequence. If this delay in ability to accept another
block continues, then the next sequence expected to be received
is the REP seguence. Upon receiving the REP sequence, the
receiver will answer with the WBT sequence, and this will con-
tinue until the receiver is able to accept another block. When
the receiver is ready to accept blocks again, it answers the
received REP seyuence with the acknowledgment for the last
accepted block., If no answers are expected from a subscriber,
and an answer is received, the receiver returns a dual INV
sequence.

24.10 STANDARD CODE. The PSN will support Moae I controlled
links using 8-bit, odd-parity, ASCII, code text characters and 8-
bit, even parity, DCS AUTODIN control code for control characters.
Refer to Tables B-II and B-III.

In this code the eighth (parity) bit will always maintain odd- '
character parity for text characters. The standard code used

on Mode I controlled links for generation and recognition of

control characters shall conform to Table B8-III, Columns 0 and 1.
The sense of the eighth (parity) bit in this case shall always |
maintain even character parity.

s e T T ——
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24.11 MODE I DATA FORMATS. Figure B-3 indicates the Mode I data
formats for continuous operation. Transmit and receive control
characters are shown in various conditions. The following items
are illustrated in this figure:

:
-f‘;
:

a. One Way Synchronous Operation

b. Special Control Character EM - End of Medium

c. Receive Control Character RM - Reject your Message

d. Transmit Control Character REP - Reply

e. Transmit Control Character WBT - Wait Before Transmitting
f. Transmit Control Character CAN -~ Cancel

g. Special Control Character INV - Invalid

h. Valid/Invalid Framing Character

i. wvalid/Invalid Text Characters

j. Synchronous Characters in 83rd Character Position

k. Incorrect Block Parity

1. Receive Control Characters in Text Character Position
m. Full Duplex Synchronous Operation

>
el

Mode I terminal subscribers must enter a heading block in order to
initiate a network connection. Once the connection is established,
Mode I header information will be passed through the network in a
transparent manner; ie, no distinction will be made between data
contained in a header block and data contained in information

blocks by the AUTODIN II network. The data in the heading block

is
in accordance with the THP command procedures described in Section 27

L3

———— A L _ T
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SECTION 25 - MODE IB LINK PROTOCOL

25.1 INTRODUCTION. Mode IB is a character-oriented synchronous
type of link control which uses character parity and block parity
checking along with retransmission of errored messages to achieve
an error detection and correction capability. AUTODIN II will
operate with subscribers conforming to the Two-Way Alternate
Point-to~Point link control procedures described in documents
referenced below. This mwode is used by subscribers who ennloy
3inary Synchronous Communications (BSC) procedures.

25.2 APPLICABLE DOCUMENTS

a. 3inary Synchronous Communications, IBM Order No. JA27-
3004-2, dated October 1970.

b. American National Standards Institute (ANSI) X3,28-1971 -
Procedures for the use of Communication Control Characters
of American National Standard Code for Information Inter-
change in Data Communications Links, dated 10 darch 1971.

25.3 ¢rODE IB CHARACTERISTICS

a. 3lock-by-block coordination

b. Syncihronous transmission

c. Half-duplex data transmission (two-way alternats)
d. Character parity and block parity (3CC)

e. Transmission code 8-bit ASCII (seven data bits 2lus one
parity bit)

f. 0dd parity for all control characters and Jdata characters
J. Each block is of variable length
. Number of blocks per message is varilable

i. Characters are transmitted serially bit-bv-bit, with the
low order bit first and the parity bit last

j. A message will consist of a header block preceded with 3S0H
characters and ending with ET3 and BCC. Also, the last
block begins with STX and ends with ETX and BCC.
Intervening blocks begin with 5TX and end wita 73 and aC

<. The character parity 1s checkad and jenerated by tihe Line N
Termination JUnit (LIY), Loth at the 1nput and at the
sutput

l. The status of the checxk i3 passes on to LI software
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m. The block parity is checked and generated by the LCM, and
the status is made available to TAC software

n. he status information that will be made available

software is:

character error
Block error
ETB, ETX

CY UV da PO -
.

Loss of synchronization

synchronization established
Byte count egual to zero

to TAC

0. LCM will not iInitlate recovery or acknowledyment proce-
Jures otner than ianform TAC with the above-mention

statuses

v. All actions resulting from the above statuses are
initiated by TAC software

ed

4. LT Wwill recognize and remove all SYNC cnaracters from the
Indication that LCM is receivi
synchronization will be available for status reporting.

input data stream.

NCHRINOJS COMAMUNICZATIONS. Binary Synchronou

23.4 BINARY S
Aaualzations (3

B4
5C) procedure provides a set of rules for syn
i

A2as transnission of binary coded data. All data in 83C is
transnitted as a serial streanm of binary dijits. Synchrono
communications means that the active receiving station on a
Soanunizations channel operates
station tnrough the recognition of a specific bit pattern
sattern) at tne beyinning of eacn transmission.

25.5 PIJINT-TO-POINT OJOPERATION.

in step with the transmitti

A point-to-point data link

Y
s Con-
SHhro-
ds
ng

sync

con-

sists of a communications facility between only two stations.

For point-to-point operation,

a

contention situation exists

cotn stations can attempt to use the communication line sin
nesusly. To minimize this possivility, a station bids for
line using tne ZNJ ZJontrol cnaracter. Refer to tha Mode I3
mats in paragraph 25.12. The sSYNC SYNC ENQ seguence (SYNC

repjresents the synchronous i
for controlling the line. Tt

3

<2
)

statlon must persist in its ol
tion coundition. A station receivia; tnls seguence (and rea
for sessaje reception) replies with 3YNT 3UNC ACKO.  If the
station s not ready to receive, it replies with elither Of

foiloving:

S .iradters) provides tae e

Lol taneous bidding occurs,

i3 oattenpt to vrea< the CJo

whereoy
ulta-
the

ftor-
SYNC
ans
one
nten-

A
La )
4

the
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a. SYNC SYNC NAK

(negative acknowledgment)

b. SYNC SYNC WACK

(wait before transmit positive acknowl-
edgment).

To avoid the problems associated with simultaneous transmission
reguests, each station is assigned a priority - primary or second-
ary. The higher priority (primary) station sends an ENJ to

acguire the idle line. It will continue to do so until it receives
an affirmative response or until the retry limits of the primary
station are reached. If the primary station receives an ENQ and

it has not initiated a regquest for the line, then it replies with
ACKO (1f ready to receive), WACK, or NAK. Thus the secondary
station can gain control of the line for a transmission only

when the line is left free by the primary station.

Message transmission is ended and the line is returned to an
state by the transmission of SYNC SYNC EOT.
SYNC SYNC EOT will not send an
seconds have elapsed,
tae line.

idle
The station sending
initialization seyguence before 3
thus allowing the other station to bid for

25.5 DATA LINK CONTROL CHARACTERS. Mode IB protocols coatrol

data links through the use of the following control characters
and seguences:

a. SYNC - Synchronous idle

0. SCil - Start of heading

T, STX - Start of text

d. IT3 - End of intermediate transmission block
e. £T8 - End of transmission block

f. ZTX - End of text

3. cOT - End of transmission

e ENQ - Engquiry

i.

ACKO/ACK]1 - Alternate affirmative acknowledgment
j. NAK - Negative acknowledgment

h. DLE - Data link escape

1. RVI - Reverse interrupt

m. TTD - Temporary text delay

n. DLE EQOT - Disconnect seguence for switched network.

The Lit configuration of Mode IB control characters

{3 shown in
Tavles 8-1IV and B-V.

Refer to Mode IB forwmats in 25.12.

SYNC - Synchronous Idle. This character is used to
ish and maintain synchronization and as a time fill
e of any data or other control character.
53 at the start of each transnmission (3YNC 3YNC)

the character-phase synchronization pattern.

in the
Two contijuous
are referred

st adiial

IR

e W T s YO T
LT

WL
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Chart

Cata Link
character

ALCII
vharacter

SYN
SOH
uTX
' TB
TN
AT
BN
ACKY
ACKL
NAK
DL
ITH
WACUK
RV I
oD

SYN
YOl
STX
ORI
ETX
2OT
END
DL
DL
NAK
NLE
Jo
DLE;
DLEN

STN BND

Jontrol Jharacters ACKY,

Shdaracster sedquenses,

ACKL, WAJCK, RVI,

P are two

Viadd
"
iPiaececie
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25.5.2 SOH - Start of Heading. This character precedes a blocx of
heading characters. A heading consists of auxiliary information

{such as routing and priority) necessary for the system to process
the text portion of the message.

25.6.3 STX - Start of Text. This character precedes a block of
text characters. Text 1is that portion of a message treated as an
entity to be transmitted through to the ultimate destination
without change.

25.5.4 ET8 - End ~f Transmission Block. The ETB character indi-
cates the end of a block of characters started with SOH or STX.
The blocking structure is not necessarily related to the process-
iny format. The bDlock-check character (BCC) is sent immediately
following ETB. ETB requires a reply indicatinyg the receiviag
station's status (ACKO, ACKl, NAX, or, optionally, WACK or RVI).

25.5.5 ITB - tEnd of Intermediate Transmission 3lock. The ITB
character (U3 in USASCII) is used to divide a message (heading or
text) for error checking purposes without causing a reversal of
transmissicn direction. The block check character (8CC) imme-
diately follows ITB and resets the block check count. After the
first intermediate block, successive intermediate blocks of

the same type (heading or text) need not be preceded by STX

or SOH. If one intermediate block 1is heading and the next inter-
mediate block iIs text, STX must begin the text block.

Normal line turnaround occurs after the last intermediate bHlock,
whizh 1s terminated by ETB or ETX. Wwhen one of these ending
characters is received, the receiving station responds to the
2ntire transmission. If a block check error is detected for any
5f the intermediate blocks, a negative reply is sent reguiring
transmission of all intermediate blocks.

All B8SC stations must have the ability to receive ITB and its
attendant BCC. The ability to transmit the IT8 character is a
station option.

25.6.5 ETX - End of Text. The ETX character terwminates a block of
characters started with 3TX or SOH and transmitted as an entity.
e block check character i3 sent immediately following ETX. ETX
r=2quires a reply indicating the receiving station's status.

25.5.7 0T - End of Transmission. This character indicates the

end of a messaye transaission, which may contain one or nore vlooxs,
incliding text and associated heading. It causes a reset of 2
statinn on the line. EOT is also used as an abort signal to indi-
zdacte a system malfunction or operational situation that precluades
sontinuation of ta2 aessaje transaission,

——
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25.6.8 ENQ - Enguiry. The ENQ character is used to obtain a
repeat transmission of the response to a message block if the
original response was garbled or was not received when expected.
ENQ 1s also used to bid for thne line when using a point-to-point
line connection. If the sender wishes to abort a transmission,
an ENYQ may be inserted following text characters and the block
is not terminated with ETB or ETX and B8CC. The receiver will
discard the transmission. NAXK (Negative Acknowledgment) is

the reply to the aborted transmission.

25.6.9 ACKO/ACKl - Affirmative Acknowledgment. ACKO and ACKl
are the two character sequences DLEO and DLEl, respectively.
Where required, these replies, in proper seguence, indicate that
the previous block was accepted without error and that the
receiver is ready to accept the next blocxk of the transmission.
ACKO is the positive response to line bid in operation. Mode

IB alternately uses ACKO and ACKl as affirmative replies. The
use of ACKO and ACK1l provides a seyuential checking control for
a series of replies,

25.6.10 WACK - wWait-Before-Transmit Positive Acknowledgment.

~ACK (DLE; in USASCII) allows a receiving station to indicate a
temporarily not ready to receive condition to the transmitting
station. It can be sent as a response to a text or heading block,
line bid (point-to-point with contention), or an ID (identification
aumber) line Hid segquence (switched networx). WACK is a positive
acknowledyment to the received data block or to selection.

Tae normal transmitting station response to wACK 1s END, but EOT
and OLZ &OT (switched network) are also valid responses. When END
i3 recaived, the receiving station will continue to respond with
~ACK until it is ready to continue. The ability to receive WACK is
mandatory for all stations, but the capability to send WACK is
optional.

25.6.11 NAKX - Negative Acknowledgment. NAK indicates that the
previous block was received in error and that the receiver is ready
to accept a retransmission of the erroneous block. It 15 also the
aot=-ready iteply Lu line bid.

25.6.12 DLE - Data Link Escape. DLZ is a control character ased
2xclusively to provide supplementary line control characters, such
s wWACK (DLI;), ACKO (DLEO), ACK1l (DLEl), and RVI (DLEK).

4%.9.13 RVI - Reverse Interrupt. The RVI (DLE< in USASTII) con-
tro. 3equence i3 a positive response used in place of tue ACKD

>r ACRL positive acknowledgment. RVI 15 transmitted by a receiv-
iny station ts reqguest teramination of the current transwission
cecadse of 3 high priority messajge which 1t must transnoit to

e sendling statiasn.  sSuccesslive KRVI's cannot be transaltted,
2xCept In response Lo SN,

i
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The sending station treats the RVI as a positive acknowledqgument
and responds by transmitting all data that prevents it fron
becoming a receiving station. More than one block transmission
may be required to empty the sending station's buffers.

The ability to receive RVI is mandatory for all stations, but the
abllity to transmit RVI is optional.

25.5.14 TTD - Tewporary Text Delay. The TTD control sequence i3
sent by a sending station 1n message transfer state when it
to retain the line, but is not ready to transmit. The TTD control
seguence (STX ENQ) 1is normally sent after approximately 2 seconds
if the sending station is not capable of transmitting the next
text block or initial text block within that time. This 2-second

timeout avoids the nominal 3-second receive timeout at the
receiving station.

~Jishes

The receiving station responds NAK to the TTD seguence and waits
for transmission to begin. If the sending station i3 still not

ready to transmit, the TTD sequence can be repeated one or more
times.

This delay in transmission can occur when the sending station's
input device has not completely filled the buffer due to inherent
nachine timings. TTD iIs also transmitted by a sending station

in message transfer mode to indicate to the receiver that it is
iborting the current transmission. After receiving NAK to this
TTD seguence, the sending station sends ECT resetting the stations
to control mode (forward abort).

25.6.15 Disconnect Sequence for a Switched Line - DLE EOT.
aission of DLE EOT on a switched line indicates to the receiver
that the transmitter 1s going on-hook. Either the calling or tha
~alled station may transmit this disconnect sequence. DLE ZOT is
normally transmitted when all message exchanges are conmplete and

nay optionally be transmitted at any time instead of ZOT to cause
a disconnect.

frans-

25.7 ERROR CHECKING. All characters received from the termina!l
Sub3Cviber will e passed to TAC (except for SYNC characters) after
they are cunecked for odd parity by the LC4. If a character narity
is detected, the appropriate status information will be set, and
the LCM will continue to accept characters until a valid termina-
tingy character is received. On detection of ETX, =T3,
the next succeeding character will pe compared to the
jenerated longitudinal redundancy check (LRC), and an
will be jenerated if the two do not Compare.

or iTs,
locally
Qrror status

eneral, LRC 1s a longitudinal redundancy checZX on tae cotal
it

iat 5 witiin a block, An LRC i3 accumulated at both the
sendlng and receiving ends during the transmission oo a olock,
Tals accoumalation i3 called the block check character [(300),

and it is transmitted iamediately followingy an 278, =ZTX, or 173
caaracter.  The transnmitted B8CC is compared witn the accumulate:!

T

Tl YR T T

T T
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pCC character at the receiving station for an equal condition.
An egual comparison indicates a good transmission of the previous
block.

l'he LRC accumulation is reset by the first STX or SOH character
received after a line turnaround. In normal transmission, all
characters received after the SOH or STX to the ETB or ETX includ-
ing control characters are included in the B3CC accumulation. Only
SYNC characters are not included in the BCC accumulation. Follow-
ing an ITB BCC, the accumulation resets the block check count.

Refer to 25.12 for Mode I3 data formats.

25.8 TIMEOUT REQUIREMENTS. Timeouts are used to prevent indefi-
nite data-link tie-ups due to false sequences or missed turnaround
sijnals by providing a fixed time within which any particular
operation must occur. Due to the different reguirements for

the various operations, four specific timeout functions are
provided as follows:

a. Transmit
b. Receive
c. Disconnect
d. Continue

The various timeout reguirements of this protocol will not be
performed by the LCM. These requirements will be implenented in
the TAC software.

25.8.1 Transait Timeout. There is a nomninal l-second tinmeout
tnat establishes the rate at which synchronizing idles are auto-
matically inserted into transmitted heading and text data. In
normal data, the data is being transiitted over the link in a
normal, or nontransparent mode, (data link control characters
are recognized as such without being preceded by a Data Link
Escape (OLE) character). Two consecutive SYNC-idle characters
(SYNC 37YNC) are inserted every second. If business machine
zlocxing is used, DLE SYNC insertion is reguired at least every
21 characters to ensure maintenance of hit synchronization in
tae event of transitionless data. There must be at least 54
sharacters between eacn DLE SYNC. If there are less than 54
characters between DLE SYNC seguences, the line will lose its
iink protocol synchronization and loss of data will occur.
SYNC-idles are inserted in the message for timing purposes only,
and have no effect on the message forwmat.

2 Receive Timeout. This i3 a nominal 3-second timeout and is
as follows:

5

[QFe )

.
2

)
d

3., Limits the waiting time tolerated for a transmitting
statinon to receive a reply.

4
3
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Permits any receiving or monitoring station to check
the line for SYNC-idle signals. These SYNC-idles
that the transmission is continuing; taus, this timeout

is reset and restarted each time a 5YNC~idle is detected.

25.8.3 Disconnect Timeout. This timeout is used optionally on
switched network data links. It is a nominal 20-second timeout
used to prevent a station holding a connection for prolonged per-
iods of inactivity. After 20 seconds of inactivity, the
will disconnect from the switched network.

station

25.8.4 Continue Timeout. This is a nominal 2-second timeout
associated with the transnmission of TTD and WACK. The continue
timeout is used by stations where the speed of input devices (for
transmitting stations) or output devices (for receiving stations)
affect buffer availability and may cause transmission delays.

TTD 1s sent by the transmitting station up to 2

2 seconds after re-
ceiving acknowledgment of the previous block, If the transmitting
station

is not capable of sending the next transmission block
befor=2 that time.

A receiving station must transmit WACK to indicate a temporarily
not-ready-to-receive condition if it is not able to receive within
the 2-second timeout. The purpose of the timeout interval 13 to
perait the receiving station to send an appropriate affirmative

reply iamediately if it becomes appropriate within the interval.

25.9 LOSS OF SYNCHRONIZATION. Loss of synchronization will be
determined by tne reception of one 8-bit character of all zeross or
a.l ones after character framinyg has already been established.
Jnder these two conditions the LCM will immediately return to a
waiting-for-input condition.

25.10 STANDARD CODE., The AUTODIN II system design provides for
Adode IB subscribers to use an 3-bit, odd parity ASCII code. The
ASCII code i3 shown in Table IV and will have an added eighth bit
to form odd parity on each character. Parity code conversion on
output lines will be matched to the ANSI standard.

25.11 LINE CONTROL MODULE (LCM) - LINE TSRMINATLQ&_UNIT (LTY)
REJUIRCMENTS. Mode I3 comnunication lines will be terwminated

in a §/nchronous LTJY which, in turn, will be connected to an LIA
nisroproicessor. Mode I8 LTU's will terminate and control the
seeration of full-duplex, synchronous communication lines .siaj
poidb-to-voint procedures. Mode IB uatilizes 8-bLit ASCII with
seven vits used for Jdata plus one odd-parity bit. Jdd parity

i35 natatained for all data, control, and block franing

chvaracteras.,

“he snaterface of tuaese comnunication lines is tarough a time-
jivision aultiplexer (TDM) which, in turn, interfaces the [0Ml
o4 a3 oit serial, cnaracter multiplexed data stream. A ainta
CLb Wit oedon character 1s exchanged between the TDMI

cCM oand

indicate

REEY R YRR SO LT
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sl

the TDM for providing TDM control and line control over and above
the Mode IB protocol. This bit, when set to a one, indicates

TDM control is contained in the following eight bits. This bit,
when set to a zero, indicates valid data or control information
Is buried within the protocol and is to be exchanged between

the node and the terminals.

e Gl - Sl e | d

The LITJ will interface with the LC+v via a bit parallel interface
and convart the data to a serial bit stream on output. The least
significant bit of the data will be serialized first and tne parity
oit position serialized last. Incoming serial data will be packed
into a byte or word format prior to transfer to the LCM.

R LT UM L

Mode [B data are formatted into blocks of variable length text
data, with leading and trailing control characters framing this
text data. Refer to paragraph 25.12 for Mode IB Data Formats.

The final character of a block is a BCC, which is used for error
control. The first character of a block is a SOH or STX. Receipt
and recognition of SOH or STX will trigger the 3CC accumulation
for the block. The LTU/LCM will recognize the leading and trailiny
control characters. On input, recoygnition of the SOH/STX will
start the text data transmission to the TAC. Detection of ETX

Nmindlin

D ° L e

T

or ETB will cause the 3CC check to occur. The LCM will notify b s
tne TAC of block message conmpletion by causing the appropriate )
status and interrupt to be generated. On output, these control :
characters will cause the appropriate actlions in the opposite }
jirections. 5
The maintenance of data and control character integrity reguires .

oroper 3ynchronization between the transmitting and receiving
elements of the communication path between the terminals. The
synchronous channel card (3CC) in the TDM will maintain this
s;nchronization in conjunction with comamands from the XmMC-113/DMS=~ :
118, The transmitter will precede all blocks of data with a )
ninimun of four consecutive ASCII SYNC characters. The receiver '
will recoygnize two consecutive SYNC characters to syncaronize
itself. SYNC characters will not be forwarded to the TAC; however,
an indization that the SCC iz receiving synchranization will

be available to the LCM for status reporting purposes. Syncuoronilca-
ti>n will also be transmitted during the idle link state in

tae absence of data.

All Mode I3 characters have odd parity. Once synchronization has
been established, the LTU will check and flaj any character re-
ceived with even parity as an error and forward this conditian to
the LIM.

At the 2nd of each transfer and upon rejuest, a statas word will bLe
retirned to the TAC processor. She statas word Wwill indticate t
tat s oL the lines,
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25.12 MODEZ 1B DATA FORMATS. Figure 3-4 shows the Mode IB data

formats that will be used in AUTODIN II. The followinyg items are
illustrated in these figures:

a. Initialization and One Way Operation
b. Control Character ENQ - Enquiry
c. Control Character NAK - Negative Acknowledgment

d. Control Character WACK - wait Before Transmit Positive
Acknowledgnent

e. Control Character RVI - Reverse Interrupt

f. Control Character ITB - End of Intermediate Transmission
3lock

3. Control Character TTD - Temporary Text Delay

h. Timeouts
i. Half-Duplex Data Transmission (Two Way Alternate)

25.12.1 Heading. The heading is a block of data starting with
50H and containing one or more characters that may be used for
message control, eg, message identification, routing, oriority
and security). 504 initiates the block=-cileck-character (BCC)
accunulation. The SOH is not included in the accumulation.

fae headinjy i3 ended with ETB followed by BCC as illustrated

in Figure 3-4.

The tieading can be terminated prematurely by use of th2 ENJ (indi-
cating disregard the block) without the ETB and BCC. The receiver
will reply with a NAX and the heading will be retransmitted. ~his
is illustrated in Figure B-4C., Control Character NAK - Nejative
Acknowledgment.

e Mode I3 neading data i3 in accordance with the TUD =~ymman)
procedures described in Section 27.

25.12.2 Text. The text data is the most significant portion of
the transmission. It is transmitted in complete units called
nessajes, which are initiated by STX and concluded with CTX.

cacan anessaje 1s a complete unit that can stand alone and i3 not
necessarily directly related to otner messages being transmitted.
A nMessajge can de subdivided into smaller olocks for eas= in
processing and more efficient error control. Zach blocx 3starts
wita 5TX and ends witn ETB (except for the last bloix of a uessage,
~alzh ends with ETX). A single transmission can contain any
nuaber of olocks (ending witn 2T3) or messages {(ending ~ita ITX).
An EIT tollowing the last ZTX blocxk indizates a normal end of

M
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transmission. Message blocking without line turnaround can be
accomplished by using ITB (see paragraph 25.6.5 and Figure B-4F,
Control Character ITB - End of Intermediate Transmission Block).

Control characters or segquences within a block of text are not
allowed. Any station receiving a control character within a text
Dlock treats the control character or seguence as data and waits
for the block check character (BCC) to detect a possibla error. If
an error is detected, normal recovery procedures are used. If no
error is detected, the transmission 1s treated as valid data.

A block of text data can be terminated prematurely by using an IN)
character, which signals the receiver to "disregard this block",
NAK is always the reply in this situation, since the block ended
with a forced error condition. An example is shown in Figure 3-4C,
Control Character NAK - Negative Acknowledgment.

25.13 SWITCHED-NETWORK (DIALUP) OPERATION. Tor switched-network
operation, the point-to-point connection can be established by
either manual or automatic means. At the PSN the call will be
answvered automatically by TCMS. Dialed connections are operated
as polnt-to-point lines witnh contention. Both stations start in
tne "circuit-assurance mode". Once circuit assurance is estab-
lisned and identified, the stations use the normal BC3 procedures
regquired for operation (switched point-to-point). When both
stations have completed their message transmissions, a disconnect
signal 1s normally sent.

The "circult—-assurance mode" is entered when the called station
joes "off-hook". At this time the calling station is notified by
a signal from its data set that a connection with another data set
has been established. Once this indication is received, the
calling station sends either of the following messages:

WRU - Who are you (the transmitted seguence is SYNC SYNC
ZNQ). This requests the called terminal to identify
itself.

IAM/WRU - (the transmitted seguence is SYNC 3YNC (ID) =ZND

where ID = station identification seguence). nis 3
peszsage identifics the cailing station and reguests 5
the called station to identif, itself. 3
Zither message is then followed by an identification messaje fronm ]

tne called station as follows:

IJ ACKO - (the transmitted segquence 135 SYNC SYINC (ID) ACai,
where ID is optional).

NOTZ

If the received 10 sequenca 1s unsatis-
factory, then either station can initiate
a disconnect segjdence.
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Additional signals available as a reply to the WRU or the IAM/WRJ
messaje are:

NAK = This indicates that a "not ready" condition exists
at the called station.

WACK -~ (optional) This indicates that "temporary not ready
to continue" condition exists at the called station.

Refer to Figure B-5 for Mode IB Switched -~ Network Dialup Operation.

All stations must provide the capability to transmit identification
sejuences in order to permit several stations to operate on the
same switched line. An identification (ID) seguence can be from 2
to 15 characters long. The minimum 2-character sequence consists
of the same character transmitted twice.

I0 sequences may precede E=INQ, ACKl, ACK(O, and NAK in the control
mode. A receiving station must be able tos recognize the above
control characters when preceded by an ID seguence. WACK uwnust not
ve preceded by an ID sequence.

botn stations exit from the circuit-assurance mode following
satisfactory initialization when any of the followinjy seguences are
sent or received:

a. SYNC SYNC 20T
control mode

Returns the data link t> normal operation,

0. SYNC SYNC SOH Initiates a block of aeader data

C. SYNC 3YNC STX = Initiates a block of text data

All signals other tnan those just described are considered to be
errors. If a valid reply is not received by the calling station 1
{following either a WRU or an IAM/WRU) within the receive timeout '
period, the reyuest message can be retransmitted. However, the
data linx continues in the circuit-assurance mode until the
circuit-assurance sequence i3 satisfactorily completed.

ik hone.

The call between stations can be terminated by the 3disconnect

timeout or by transmission of the Jdisconnect segquence: 3YNC SYNC 3
DLz EOJT. This sequence may be initiated by either station when ?
operating on a3 switched-network basis. When operating witih a T
control station, the control station normally initiates the dis- g
Zonnect 3eyuence. As this seguence s transmitted and received, ¢

2acn station returns to an on-hook condition and the line i3
drsoned.

Although the switcined networx (Jdialup) operation iIs supported, tne
dialout 15 not permitted.
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SECTION 26 -~ 40DE IIA LINK PROTOCOL

26.1 INTRODUCTION. #Mode IIA is a character asynchronous half or
full duplex type of operation with no automatic error detection or
=rror correction capabilities. Synchronization of the end devices
1> a . nleved through the START and STCP elements of the code. Mode

IIA .. . .21 on subscriber access lines using the 10 or 11 unit
asy/ncia 4 N craical o Standard Codes for Information Inter :aanie
(ASCII). A at: vt in asynchronous ASCII is composed of ona '

start bit, seven information bits, one parity bit, and, dep=2ud.n.

on system rejuirements, one or two Stop bits. Echo capability is
usad on those full-duplex lines that do not have an Interface
Control Unit (ICJ). Paragrapn 26.8, Figures 3-6 and B-7, illustrate
nalf and full duplex Mocde IIA operation.

§
»
¢
d

26.2 APPLICABLE DOCUMENTS

a. DCAC 370-Dl175-1 - DCS AUTODIN Interface and Control
Criteria dated 2 October 1970,
Chapter 1, paragraph 4.b.

b. FIPS PUB 1 - Federal Information Processing
Standards Publication 1 - Standard
Code for Information Interchange, 1
November 1968.

25,3 LINK CONTROL STRJUCTURE AND DISCIPLINE. The network provides
transmit only for the traffic of Mode IIA subscribers. There is no
service provided for error recovery, acknowledjment, or handling of
odther exception conditions between AUTODIN II and the subscriber.
Tae responsibility for the integrity of Mode IIA and recovery from
2xceptinn conditions rests with the subscribers.

26.4 TIMING AND SYNCHRONIZATION. The system design assumes that
timiag and synchronization for Mode IIA subscribers will be derived
from tne modem or a Crypto Ancillary Unit (CAU) if they are
encrypted. The code used in Mode IIA provides start and stop bits
for synchronization of the subscriber and devices. The CAU's will
furnisn timing on the line side if encrypted.

26,5 LINE CONTROL MODULE (LCM) - LINE TERMINATION UNIT (LTU)
REJUIREMENTS. All Mode IIA asynchronous communication lines
will be multiplexed and terminated in a synchronous LTU which,
in turn, will be connected to an LCM microprocessor. The LCM
microprocessor will be projrammed to process the asynchronous
characters.

The interface of these communication lines is through a Tine
JDivisiosn Multiplexer (TDM) which, in turn, interfaces the Time
Jivision Multiplexer Interface (TDMI) LTU on a bit serial,
cnaracter-nultiplexed data stream. A ninth bit is exchanged
oetween the TDMI LTU and tne TOM to provide TDM control and line
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control over the ode IIA protocol. When set to a one, this bit
indicates valid data or control information that is buried within

tiie protocol and, therefore, is to be exchanged between the node
and the terminals.

In the receive mode, the TDM will detect the start and stop framing
elenents of eacna character, strip them, and transfer the data

cnaracter in aggregate format to the TDMI LCM. Even parity will be
detected in tne TDxI LCM for each character.

Jpon detecting an 2rror, detecting a special character, or
detecting the termination of a message, a status word will be
placed in the interrupt queue to notify the TAC.

N YO W R 0L Y & T e

In the transmit mode, the LTU will accept 8-bit characters frow the
.C4 and convert them to a serial bit stream starting with least
siynificant bit. Start and stop bits are inserted by the TDM.

oo, .

The features implemented by Mode IIA and IIAH LTU's and LCM nicro-
Jrocessor are:

3R TR

a. Full-duplex operation for Mode IIA and half-duplex
operation for Mode IIAH

SR T A

b, If even parity, converted to odd while transferring to
main mensry

c. Program selection of automatic echo &

£

d. If parity error on a character, substitute asterisk (*) ' &

.. - . , #
26.5 STANDARD CCDE. The system provides code conversion to ma%tch

the parity requirements for synchronous and asynchronous subscribers. 3
I'he standard code used with Mode IIA subscribers will be asynchronous 2
ASCII wich 10 or 1l bits per character. Refer to Table B-VI
for the ASCII code. Each data character will have one start 5
bit, seven information bits, one parity bit (ANSI even parity), L
and one or two stop bits, depending on system rejuirements. R
Parity code conversion on output lines will be matched ts the 1
. American National Standards Institute (ANSI) standacd.

25,7 MODE IIA INTERFPACE CONTROL UNIT (ICU). The ICU is an elec- N
trical device optionally provided at Mode IIA outstations to '
interface and control data terminal eguipment (DTE). Electrically, 1
the ICU fits between the DTE and the securit, devize (crypto is -
egyuipped with a CAU) in a securs installation or between the DTE

and data circuit termination communication eguipment (DCE) in

a nonsecure installation. All data and control lines between these

areas will either terminate in the ICU or pass throuqgh the ICU to '
tiie other device.

3
:
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JSASCII Character Assignments in Mode IIA

Table B-VI.

B3¢ MU

i

GG

DEL

SP

DLE

DCi
DC2
DC3

DC4

NAK
SYN

ETB
CAN

EM
SU3

ESC

FS

GS

RS

us

NUL

S0h
$TX
ETX

EOT
ENQ
ACK

BEL
8s

HY
LF
vT

FF

CR

SO
Si

by

oLUmMN
—

0

5
6

8
9

10

L1

12
13
14
15

| [now}

ofofofo
0,00
0jo
0:0{1]1

0

0j1{0}0

olt{ofi

0j1{1]0
0,1

110{0}]0
110j0{)

liofi(o

1111010
1110
1]¥{11]0

ARERER

bs
1y Toabalba b,

08_
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26.3 40DE IIA DATA FORMATS. Figures B-6 and B-7 illustrate #ode .
IIA half- and full-duplex operation. The heading data is in
accordance with the THP command procedures described in Sectioa 27.
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SECTION 27 - THP COMMAND PROCEDURES

THP command procedures as defined in the Final Computer
Program Development Specification for MCCU THP, CDRL Item Number
8006, shall be used for the heading data for terminal access
in Modes I, IB, IIA, and VI.




